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selective tuning. 800 Re ae iy in ‘ 

milerange. Each 81/6. ) N\\ KY ath AN 
See 1913-1914 list. 





‘“‘ E.E.C.”’ SILIGON-PLATINUM: 


DETECTORS. 
single cup - cach 5/6 
Four a. es ., 15/6 


Minerals’& material. See 1913 22st. 
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“ E.E.0."" HEADGEARS Cr} KEYS, G P.O. pattn. 
from 16/3 to 8O/- Scelisé, | Each 5/6. See /:st. 
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 E.E.C.”” TRANSMITTING HELIX 
Jrom 12/6. Refer list. 





“ E E.C.” TUNING INDUCTANGE 


“E.E.C.’" MERCURY BREAKS for x to 10” coils, Each 17/6. trom 13/6 
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The London Telegraph Training 
College, Ltd. 


e 

This College (established 20 years) trains 
youths and young men from 17 to 25 years 
of age for well-salaried appointments as 
operators and engineers in the leading 
Wireless Telegraph, Cable, and Shipping. 
Companies. The Telegraph Services offer 
splendid openings and opportunities for 
advancement and Appoititments are ex- 
clusively reserved by the leading Companies 
for students of this Institution. 


The College possesses complete installa- 
tions of the latest Wireless apparatus, 
special plants having been supplied by 
Messrs. Marconi’s Wireless Telegraph 
Cu., Ltd., and Messrs. Siemens Bros. and 
Co., Ltd., for the training of operators 
for their Services, and, in addition, there 
is a well equipped workshop, open from 
5 to 8 p.m., for students wishing to use- 
fully employ their spare time. 


DAY AND EVENING CLASSES. 


A pply tor illustrated prospectus containing complete informa- 
tion vegavding prospects, courses, fees, etc., to the Secretary 
(Department T) 


262, EARL’S COURT ROAD, LONDON, 
S.W. 
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PREFACE TO THIRD EDITION. 


Fitts book is intended for the use of the amateur who 
wishes fo ereet small experimental stations for work- 
ig over short distances. It should give him a clear 
idea of the clementary principles of radiotelegraphy 
and enable him to construct apparatus which will be 
Of interest and service to him. 

Since the book first appeared various developments 
have (wice necessitated complete rewriting of consider- 
Whle portions, As faras possible needless technicalities 
have been avoided, and the details of workshop 
processes have been left to the reader’s discretion 
except m_ special cases. 

Space has been saved in the letterpress, and 
confusion avoided in the intricate drawings, by the 
omission of dimensions ; these can be obtained by 
measurement from the wlustrations, which have 
mostly been reproduced to a definite scale. 

It is necessary to bear in mind that while the 
construction and use of apparatus protected by valid 
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patents renders the user liable to action for damages, 
such actions need not be feared as long as the 
apparatus is purely experimental. Those who pro- 
pose to use radiotelegraphy for business purposes 
will do well to find out what apparatus is 
adequately protected, since important patent-claims 
cannot always be supported. 

In addition to the help received from Dr. Alexander 
Muirhead, F.R.S., Mr. Blenheim, Mr. G. Cook, and 
Mr. A. C. Lock, I have to acknowledge very valua- 
able assistance from Mr. Maurice Child, of the London 
Telegraph Training College at Earl’s Court; while 
for much useful information contained in the Appen- 
dix I am indebted to Messrs. R. H. Barthel and 
D. W. Thompson. The uninspiring task of correct- 
ing, and in many parts editing, the proofs, was 
undertaken by a friend to whom I cannot offer my 
thanks formally. 


R. P. HOWGRAVE-GRAHAM., 


City and Guilds Technical College, 
Finsbury. 


Wireless Telegraphy for Amateurs 
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CHAPTER I. 





HI PORY AND PRELIMINARY EXPLANA- 
LIONS OF RADIOTELEGRAPHY. 


Tin OscinLAtrORY DISCHARGE. 


lite procduetion and) properties of oscillatory dis- 
Clhates, amd the circumstances in which they 
pve tine fo the waves used for signalling, can 
oily be outlined here, but are dealt with at some 
lenpthoin the author's articles in The Model Engineer, 
Where they are ilustrated by a series of striking 
expermnents. 

Capacuy. -When two neighbouring conducting 
bodies separated by an insulating medium are at 
different) potentials, the insulating medium 1s sub- 
jected to an electrical strain by virtue of which it 
stores electrical energy. The quantity of electricity 
stored is proportional to the difference of potential 
between the plates. Two bodies so placed form a 
condenser, and the quantity stored in the condenser 
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for a given difference of potential is proportional to 
the capacity of the condenser. 

The capacity of an ordinary condenser of the 
Leyden-jar type depends on the area of the conduct- 
ing surfaces and on the thickness and nature of the 
insulating medium between them; inereasing the 
thickness diminishes the capacity. 

On removing the wires which give rise to the 
difference of potential, the state of strain continues 
until a conducting path is provided from one area to 
the other. When this is done, the energy stored in 
the medium is given up and a current flows round the 
path equalising the potential of the two plates. The 
behaviour of the condenser is thus analogous to that 
of a rubber container which, if filled with water at 
high pressure, forces it out by its own elasticity when 
the pressure is removed and an outlet provided. 

Self-Induction.—When the value of the current in 
a wire is altered, the magnetic field formed by the 
current changes, and, in doing so, induces electro- 
motive forces in the wire. These are always in such 
a direction as to oppose the original change; thus 
if the current be increased from zero to some definite 
value, the fields set up during the increase induce 
electro-motive forces which tend to prevent the flow. 
Similarly, a decrease in the current is opposed by 
induction-effects which tend to maintain the flow at 
its original value. This induction of electro-motive 
forces in a wire by changes in its own current is 
known as self-induction and its value for a circuit, 
stated in proper units is called the ‘ Inductance.” 
Self-induction causes the current to behave very like 
a flowing liquid which has inertia. If the water 
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(lowing in a long pipe be suddenly stopped by turning 
aff the tap, the column of liquid tends to keep moving 
by virtue of its inertia, and the energy stored mani- 
tests itself by a hammering sound in the pipe. Again, 
if the tap be suddenly turned on, careful observation 
will show that it takes a fraction of a second for the 
(low to reach its final value. 





The Oscillatory Discharge.—Figs. 1 and 2 show 
by a very neat analogy, completed by Prof. Northrup, 
how the effects of self-induction and capacity can be 
combined so as to set up electric oscillations, which 
surge in alternate directions round a circuit. 

In ig, 1, A is a box connected by pipes with the 
small box ( and with the cylinder F, in which a 
piston If is fitted. A rubber diaphragm B is stretched 
across the middle of the box A, and a small diaphragm 
of non-elastic brittle material D across the box C. 
leach of the diaphragms completely divides its box so 
that no water can get from one side to the other. If 
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the whole system is filled with water and gradually 
increasing pressure is applied to the piston in the 
direction of the dotted arrow, the diaphragm B will 
bulge, as shown by the dotted line, until a pressure 
is reached at which the diaphragm D breaks down 
and provides a free passage for the water. If the 
friction be not too great, B will then straighten itself, 
forcing a rush of water in the direction of the arrows. 

By the time B has reached the central position, 
the water will be in rapid motion, and its inertia will 
carry it on so that it will overshoot the mark and 
rush into the ‘left-hand side of A, causing the dia- 
phragm to bulge to the right. A will once more 
straighten itself, producing a rush in the opposite 
direction to that of the arrows, and so inertia and 
elasticity will act alternately, producing oscillatory 
surgings of water until the energy originally stored 
in the stretched rubber has been expended in 
overcoming the friction of the water against the 
pipe. 

In Fig. 2 we have the secondary of the induction- 
coil F raising the potential-difference between the 
two surfaces of the condenser A, and producing an 
electrical “stretching ”’ of the glass between them, 
more and more energy being stored by A until a 
moment comes when the spark-gap C gives way and 
allows a rush of electricity to pass round from one 
side of the condenser to the other. Scelf-induction 
prevents this rush from being instantaneous, and it 
attains its maximum value when the potential of the 
two condenser-surfaces has been equalised. Self- 
induction also tends to keep the current flowing when 
once if has been established ; accordingly, the current 
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avershoots the mark and charges the condenser in the 
opposite direction. Thus, capacity and self-induction 
come into play alternately, each rush being less than 
(he last, until the oscillations die away and the whole 
In aft rest. 

l'requency.—-The rapidity with which the surgings 
in the liyeraulic circuit (Fig. 1) follow upon each other 
i decreased by increasing either the “-stretchability ”’ 
om) the imertia: stmilarly in the case of a weighted 
spring, weakening the spring, or increasing the mass 
Wtatuenad, mereases the period of each swing so that 
(lene ane fewer ta piven time, 

lie Chie a seconds of one complete swing—that 1s, 
lyon the central position to one side, to the opposite 
ste, ane Tack to the central position—is known as 
the penodte time” or “ period’ ; the number of 
ittel uwinps aking place in one second is called 
“the osedhition frequency,” or more shortly the 

frequency. Phe: periodic time is the reciprocal 
Of (liq Trequeney, 

lites the capacity or electrical stretchability 
Of a electrical circuit: mncreases the periodic time 
and decreases the frequency, a similar result being 
produced by imereasing the self-induction or elec- 
Crical mertia, 

The capacity can be increased by enlarging the 
elective area of the condenser, and in other ways 
previously imaicated, while the self-induction can be 
mused by using coils instead of straight wires, thereby 
Increasing both the amount of magnetism and its 
inductive affect. The inductance of a closely wound 
combot “solenow.” type without an iron core is pro- 
portional (o the square of the number of turns. 
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If an iron ccre be inserted in the coil the 
magnetism is provided with an casier path, and the 
self-induction is still further increased; but the 
waste of energy through magnetic hysteresis (see 
text-books) and induced currents in the interior of 
the iron is so serious at high frequencies that, how- 
ever finely the core is laminated, it is under these 
circumstances worse than useless. 

_ The frequency of oscillation of Leyden jars dis- 
charging through straight rods, simple coils, etc., 
varies from a few hundred thousand vibrations to 
a million or more per second. 

Group Frequency.—Group-frequency, which is too 
often confounded with oscillation-frequency, is the 
number of sparks per second, and is a most important 
quantity, especially in modern receiving stations 
in which telephones are used. It 1s found much 
easier to listen to pure and rather high musical notes, 
and it is clear that the higher the group-frequency is 
the greater will be the average power if a given 
amount of energy is radiated for each spark. Tele- 
funken stations employ very high group-frequencies 
in the region of 500 per second. As some guide 
to the group-frequencies represented by given notes 
it is well to remember that the frequency of the 
middle C of the piano is 256 and that each ascending 
octave doubles the frequency. Thus the C two 
octaves higher is 1,024 per second, and the C two 
octaves lower is 64 per second. 

Amplitude.—The amplitude of a vibration 1s the 
maximum value to which it rises on either side of the 
position of rest. Thus, if a weight vibrating at the 
end of a spiral spring moves over a total distance of 
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fr ims., its amplitude of vibration is 3 ins.; an alter- 
lniting Current which rises to a maximum value of 
ho utips, has an amplitude of ro. 

Au oscillatory condenser-discharge dies away ; 
henee its amplitude continually diminishes and 
eventually becomes zero. 

It must be borne in mind that the frequency is an 
eSpression of the vate of vibration. Thus, there 
nay be (wo or twenty oscillations before the surgings 
ie away; but if each takes one millionth of a 
ween, Che frequency is a million per second. 

Petoum comader the action of a Leyden jar which 
Vorlwpecl by aan tmadiuetion-coil every time the inter- 
Miplet fooahkes the current, and is arranged to discharge 
Artes Gtospath pop and through a turn of wire, as in 
Lay hvery (ime a spark passes there is a group 
vf wathitiouss round the turn, each oscillation being 
hoo that the dast, until they die away to nothing. 
lie tate at whieh the amplitude decreases depends 
en what te called the " damping?’ of the circuit. 

Hhonfonpe UV he clamping is the rate of loss of 
chery by the oseilating charge, and there are four 
CN Ce Of this loss: 

(1) Generation of heat in the insulating material 
ot the condenser (dielectric hysteresis). 

(") Generation of heat in the resistance of the 
CHOU, especially in the spark-gap. 

(}) blectromapnetic and cleetrostatic induction 
Of currents in neighbouring conducting 
hoches and in the conducting portions of 
the oscillating system) itself, 

(j) Generation of free electric waves travelling 
GUE Mba spaee, 
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The last of these is inconsiderable in the case 
of Leyden-jars and closed circuits, but is the 
most important of the four in radiotelegraphy. IH all 
four could be eliminated the charge would oscillate 
for ever. 

If the resistance be increased beyond a certain 
value which depends on the capacity and self-induc- 
tion, the charge will not oscillate at all, and thus 
resembles a weighted spring, which, if displaced in 
some viscous substance such as treacle, returns 
slowly to the position of rest without vibrating. 


Fic. 3.—Voltage Curves of Heavily Damped and Moderately 
Damped Groups of Oscillations. 


Fig. 3 shows two groups of oscillations—the first very 
heavily damped, and the second rather less so. The 
second group is said to be more persistent than the 
first, and as the first three of the sources of damping 
named above are not usually very considerable in the 
oscillatory systems used for radiotelegraphy, it 
represents the case of comparatively feeble wave- 
radiation. As in the case of two tuning-forks acting 
upon each other, the feebler but more persistent 
radiator is best for obtaining accurately tuned 
respoase. 
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Induction and Self-induction Effects —At very 
liigh lrequencies the ordinary induction and capacity 
ilteets of alternating currents are enormously in- 
roomed, and startling results follow. 

AN 100 volt’ lamp can be made to burn brightly 
(hhogplr apparently short-circuited by a foot or two 
of thaek copper rod ; lamps can be lit at a distance 





(a) 


ee) 


(C 


| 
ia. 4. 

oho 4g th by amduetion between coils of five or 
rs fithnis, antel discharges at several hundreds of 
(iectecetiela of wol€s cam be produced by an induction- 
rel weunel with only am ounce or two of secondary 
wie These dischurges can be taken to the body 
viel tele fo towne from the fingers > they can also be 


comeveyeed alone a simple wire with no return, and 
Clee te Cecetecbeopanvecd down so oas to light a lamp. 
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Skin Effect.—for reasons which will not) be dis- 
cussed here, oscillatory currents are almost chtirely 
confined to the surface of the conductor which carries 
them. This must be borne in mind in the construc- 
tion of aerials, etc., for radiotelegraphy. 


ISLECTRIC WAVES, 


None of the electromagnetic or electrostatic induc- 
tion effects alluded to above are due to true electric 
waves. When an ordinary condenser is charged, 
almost the whole of the electrostatic strain is situated 
in the glass between its coatings ; but for the produc- 
tion of true waves travelling out from their source 
and never returning, the electrostatic effects must be 
free in space as well as the magnetic fields formed 
round the wire. 


Fig. 4 (a) shows two plates placed parallel and near 
together so as to form an air-condenser ; the plates 
are provided with a pair of rods and a gap through 
which they can discharge. 


The electrostatic strain is almost entirely confined 
to the space between the plates; but if we now 
imagine them to be separated a little more, as in 3, 
some of the lines of strain will stray out into the 
region round the plates. On separating them more 
and more widely, as in c and d, the strain-lines will 
eventually spread out in increasingly far-reaching 
curves from plate to plate, until they are entirely 
free in space and capable of forming true waves in 
conjunction with the magnetic whirls round the rods. 
At the same time, the capacity and therefore the 
energy-storage will have been enormously reduced, 
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atl veo consequence, the frequency of oscillation 
wide miaeh higher than in the first case. 

lle tragnetic and electric fields being thus free 
to travel out into space together, the pair of plates 
with its nttamht rods and gap has become a radiator, 
and ot daet, woexaetly the apparatus used by Prof. 
Hiety, am tX88, for his historic experiments on the 
proelie tion and properties of electric waves. Hertz 
wan the fist fa outtempt seriously what Prof. Clerk 
Maswell ay a&67 had) prophesied would be accom- 
plieleel aceon on tater. Maxwell had deduced his 
porsgedie y Crem abstiise mathematical considerations, 
vb toed puectie ted the properties of the electric waves, 
Which de onl weld be found to be identical with 
Nose col Viplit vel heat. feat, light and Hertzian 
boliattoms atte, tm faet, electric waves of different 
Fes cpuge due ge 

Ileote ocmcitlator paves waves at a frequency of 
alonel ger toittion per second, One of the smallest 
Hlectetate cacttiitors which has been made gives 
beetet  genencen cod yteons pre second, 

[lie ntlowent leat wave has a frequency of about 
tee Veitlients poor second, that of the most rapid light 
wate fenipe about 800 billton ; beyond this, there 
we tN dable nays up to more than 1,600 billion 
pret yet conte 

Hlenty veritied all Clerk Maxwell's predictiohs by 
cagertiientia tiade with the unwieldy apparatus 
whieh othe climensions of his transmitter and 
Weteetot necessitated; subsequent workers have 
(onl ctlier proods, ancl, using far more delicate 
apyertattin, have made accurate quantitative tests. 

Hl clefector used: by Plertz was simply a large 

B 
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circle of wire, at one point in which there was a gap 
between two very small spheres. A screw adjust- 
ment was used to vary the separation of the balls, 
between which the electro-motive forces induced by 
the waves were made manifest by minute sparks. 

Hertzian waves are invisible and can pass through 
insulating substances, though they are stopped by 
conductors, which partly absorb and partly reflect 
them. They can be brought to a focus by means of 
‘parabolic mirrors, and can be refracted by prisms and 
lenses of pitch, ebonite, sulphur, glass, etc. They 
can also be polarised, doubly refracted, and made to 
produce interference effects. Attempts which have 
been made to direct the waves to great distances 
in parallel beams by using parabolic mirrors have 
proved unsuccessful. We must therefore consider 
every symmetrical oscillator as sending out waves 
of nearly equal strength in all directions, so that 
anybody with suitable apparatus can pick them up 
unless special precautions are taken. 

In about the year 1890, Prof. Edouard Branly 
investigated the effect of Leyden-jar discharges on 
metallic powders, the resistance of which was found 
to be greatly decreased after the passage of sparks 
in the neighbourhood. Others before and after him 
made similar experiments, some knowing how to 
account for the effects and others working in the dark. 


EARLY RADIOTELEGRAPHY. 


In 1895, Sir Oliver (then Dr.) Lodge detected 
waves over a distance of about 40 yards, using a 
filings-tube coherer, a galvanometer, and a cell. 
The coherer consists, broadly speaking, of one or 
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rove dtpetteet contacts, the resistance of which 
iocatitderably lessened) under the influence of 
oo tlhitiay cleetro motive forces induced in the 
Cine Dy waives, 

lresdivtments, such as the coherer, which indicate 
(lhe coe ilatory effects induced in the receiving 
apynseatins ane called: detectors, 

Llu stunplest form: of coherer consists of a tube 
cortotoritotige tmetiadlhe tilings ito which two wires are 
(vt oo Clat them ends nearly touch. To restore 
(We ceoletet footie oniginal insulating condition after 
(leas Teese: condnueting, i is only necessary to 
Wate ve tli Clips by paving the tube a slight tap. 

AW oOMivet Lodge, whose researches and inventions 
inset fiom With eleetre waves and radiotelegraphy 
vessel uly i mnportance to those of Hertz 
liver oH Ware the fist to study and improve upon the 
Amgph coheters tsec by Branly. As early as 1894 
aitemtte clochwork Capping devices were initroduced 
hy ote Over. Who carted on signalling at a distance 
CVivsoenpede warble, ete 

lie uteyg, EN Alexander Muirhead, foreseeing the 
lijertimee of this method of signalling, actually 
vrtanpedk oa coherer, a) clockwork tapper, and a 
Whom vecorder for dhe purpose, and obtained excel- 
beued vacestad tn 

lh otNgs, Prof, Popoff (of Cronstadt) used and 
Hhoctibed apparatus in which an ordinary lghtning- 
cottlietoat wis ermiployed) for receiving waves, a 
Coloet beng qserted) between it and the earth. 
Netonn the coherer a cell was connected in series 
witha tehiy, the contaets of which formed part of 
sche contiuming a bell anda battery. The 
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hammer of the bell was so placed as to tap the 
coherer and restore it to an insulating condition. 
With this apparatus Popoff detected waves from 
distant lightning flashes, and also from oscillators. 

In 1895, Captain Jackson (now Admiral Sir Henry 
Jackson, R.N.) carried out most interesting experi- 
ments, and succeeded in signalling over considerable 
distances between ships. 

In 1896, Mr. Marconi took out a patent for “ Im- 
‘provements in Transmitting Electrical Impulses and 
Signals and in Apparatus therefor.” This patent 
claims the previously known coherer and tapping 
device, and also one or two novelties of a minor kind, 
but the most important feature was the use of a 
long vertical wire attached to one side of a spark- 
gap, the other side being connected to carth. 

The patent included real improvements in the 
design of the coherer; these were the result of 
careful and praiseworthy experiments. Shortly 
afterwards commercial enterprise and popular non- 
technical journalism set people agog to know more 
about the “new” marvel which had been slowly 
developing since 1888. The world and his wife were 
awake, and, like the princess in the fairy tale, they 
were enamoured of the first object presented to 
their vision. Years of patient toil and research 
by some of the best scientists were nothing to them ; 
they had discovered the marvel, and they had dis- 
covered its “ discoverer.” 

Sir Oliver Lodge was the first to see the import- 
ance of syntony in radiotelegraphy, and all who now 
use syntonic systems are therefore indebted to him. 
Syntony, or tuning between a transmitting and a 
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reeedvdine atentil, is a state of adjustment of their 
cage tiien uanidl ainaductancss which causes their 
ratieal periods of oscillation to be identical. When 
fucose tials ate thus tuned to one another, the receiving 
acetal will tespond= to the transmitting aerial more 
cadly ail with greater certainty than it would if 
(boo te geetenn el periods were different. 
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Ldeanhapesof Punig. Uf perfect tuning be attained, 
thee preter te Cweololeb: 

(1) Lda | mssthle distance of action between tuned 
metals as preater than between those which 
we tuntuned; thats, the system is more 
CUlenene, 

(') Numbers of stations may communicate with 
cach other without interference — or 
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“ jamming,’ from other statione working 
at different frequencies. 

Systems in which the tuning is good enough to 
make (2) possible are said to be selective, and the 
tuning 1s known as selective tuning, but there is no 
arrangement at present by which other stations can 
be prevented from receiving the signals of any one 
transmitter ; consequently, the only way of maintain- 
ing secrecy is to use a good cypher or code. 


Fic 6.—Maltese Cross Aerial. 


Multiple Aerials.—It soon became apparent that 
for good working, especially in syntonic systems, the 
capacity and radiating surface of the aerial must 
be greater than could be obtained with a tall vertical 
wire such as Marconi used in 1896. This Ied to the 
introduction of multiple aerials made up of inverted 
fans, cones, and pyramids of wires, the combined 
capacity being far greater than that of a single wire, 
but in every case considerably less than the added 
values of the separate capacities which make up the 
whole aerial. 

Lodge-Muirhead Aenals.—sir Oliver Lodge main- 
taine@ from the beginning that the ideal radiator must 
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ln ow aytmmetrical oscillator, free in space like the 
ot tol aianpement of Hertz, and careful quan- 
Native eNpertments made by him with = Dr. 
Mitchead) lave shown that in many circumstances this 
boom (ially the case. One of the aerial-arrangements 


~ 





Vent. Admiralty Type of Aerial. 


Wolo them system is shown in the diagram (Fig. 5). 
Ili squiae networks or capacity-areas, are both 
(ooulated frome the earth, 

Vlater tom of ecapacity-area from which far better 
motilia were obtained is shown im Fig. 6. It 1s known 
we (he Maltese cross aerial, and consists of four 
Hrisnplen of wite meeting at the centre, and provided 
woth dtientehatiype: holders at) the outer corners. 

Ldmaly terials, he aerials first largely used 
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in the Admiralty are very easy to erect and maintain, 
and are, therefore, well suited for amateur use. 

For small powers a pair of wires is stretched three 
or four feet apart, and very usually in a sloping 
direction, the ends being kept at the right distance 
apart by wooden rods. These wires are brought 
down to the operating room, where they mect, or 
they may join higher up, the junction being con- 
nected to a single line of stranded wires terminating 
in the room. For large aerials transmitting greater 
power, four wires may be grouped, as shown in Fig. 7. 

These improvements in the design of aerials make 
it possible to store considerable energy in the capacity 
of the aerial itself, and there is no doubt that amateurs 
would get all the results they wanted without using 
oscillation-transformers or devices giving similar 
results. The requirements of modern radiotelegraphy 
however, make directly-charged aerials impossible, as 
the short-lived violence of the waves emitted is too 
liable to disturb other installations. 

The aerial must be excited by oscillations induced 
from a separate circuit, and the excitation, though 
comparatively feeble, must be utilised so that the 
impulses received are timed and cumulative. 

Oscillation-Transformers.—A common method of 
meeting the requirements stated above is to allow a 
capacity made up of Leyden jars or other suitable 
condensers to discharge through the primary (pf) of a 
Tesla-coil or oscillation-transformer, the secondary (s) 
being made part of the aerial circuit Fig. 8 (2). 
Oscillation-transformers and similar devices were 
also introduced in the receiving circuit, the secondary 
being connected to the detector, asin Fig. 8 (A). This 
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lv to syprovement, which is of vital importance, was 
patentocl by Sir Oliver Lodge in 1897, and will be 
Aalt with more fully below. Transformers designed 
ly tel purposes are very often called jiggers. 





o~ 


Fic. 8. 


hurther  Laprovements.--Other advances have 
loon tude im the design of generators, transformers, 
parkinp appliances, condensers, and detectors. The 
lroldet ane most essential departures from commonly 
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used methods are the various ways of obtaining 
continuous electric oscillations of nearly constant 
amplitude, and also the spark-quenching appliances, 
which are described on another page. 

Some of these developments can receive scarcely 
more than passing notice, as the apparatus 1s hardly 
likely to commend itself to the average amatcur. 

The use of “ directive ’’ aerials, which radiate more 
powerfully and “receive” more efficiently in one 
particular horizontal direction, is another departure 
which may possibly yield important results in the 
future. An aerial bent horizontally, or even sloping 
at an angle, has slight directive properties; for 
instance, an Admiralty aerial will transmit and re- 
ceive better in the direction opposite to that of its 
inclination. 


CHAPT=R II. 


THe PRINCIPLES OF RADIO- 
TELEGRAPHY. 


Vitociry, FREQUENCY, AND WAVE-LENGTH. 


litt length of a wave is measured from crest to 
‘oest-or from hollow to hollow, 1f one may use such 
worehs in connection with electric waves ; more accu- 
tilely at may be defined as the distance between the 
nivxtitie of (wo consecutive impulses of the same sign 
aftoany puven imstant of time. In the case of water- 
wits for example, if we take an elevation above the 
neorintl level as a positive impulse, and a depression 
hn/ow (he normal as negative, a wave-length is the 
litanmee at any moment between the tops of two 
jrrative ripples or crests or the bottoms of two 
meguitive dipples or hollows. The symbol for wave- 
ligth os usually A. The velocity of Hertzian waves, 
ike that of other electric waves such as light and 
Neal, ag 10'" centimetres per second, or about 
INtceo miles per second. 

Now it waves ofa certain length A measured in miles 
nine tat fixed velocity of 186,000 miles per second, it 
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follows that in one second the number of waves travel- 
ling past a given point will be 186,000 ~A, or, if we call 
nm the frequency or number of waves per second, and 
v the velocity, then n= or v=nA or X= -. If 
X is in the centimetres, v must be in centimetres per 
second. The wave-length in radiotelegraph stations 
is from about 200 metres to about 4,000 metres, and 
may even reach 7,000 metres in very large stations. 

As the wave-length is generally expressed in 
metres, it follows that 

_ 3X 10° 
* “~) in metres. 

Distribution of Current and Potential in a Simple 
Aevial.—In attempting to explain briefly and simply 
the most important facts which must be kept in mind 
by the experimenter, it is best to return to the 
early type of transmitter—the tall vertical wire 
brought down to a spark-gap, the lower ball of which 
is earth-connected. A _ difference of potential or 
electric “‘ pressure’ is set up between the vertical 
wire and the earth by a spark-coil, which is con- 
nected directly across the spark-gap, as shown in 
Fig. 8 (a). 

Immediately before the potential-difference be- 
comes sufficient to break through the air-gap, an 
electrostatic field stretches outwards and downwards 
in widespread curves from the wire to the earth; in 
fact, all the neighbouring space is in a state of clectri- 
cal stretching exactly like that which has been des- 
cribed in the case of the Hertzian oscillator. In this 
state the aerial is said to be “ charged,” and we will 
assume the charge to be positive. Suddenly the gap 
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rises way and forms a temporary conducting path so 
pou that for the time being we may look upon the 
wtanpement as a vertical wire directly connected to 
(li earth, as 1t would be in actuality if the gap were 
chiort-circuited. 

A rush of electricity takes place downwards into 
(lie earth, and self-induction causes the charge to over- 
shoot the mark, leaving the aerial negatively charged. 





hic. 9.—Hydraulic Tlustration of Hertzian Oscillator. 


Iyy a sequence similar to that of the Hertzian 
oscillator the electricity surges up and down the aerial 
with a frequency, amplitude and damping which 
depend upon the dimensions and conditions. One 
joint in which the system differs from the Hertzian 
a wcillator, can be made clear by likening the Hertzian 
ocillator to a short tube provided with similar elastic 
hips at the ends (Fig. 9). 

If bags and pipe are completely filled with a 
heavy liquid, excess of this being forced into the 
hig A by squeezing the bag B, A will be larger 
wncl I> will be smaller than the normal size, and 
on releasing B the elastic displacement, combined 
with the inertia of the liquid moving in the pipe, 
will set up oscillations resulting in alternate distension 
wt shrinkage of the bags, as shown by the dotted 
Hanes, 

Now, the earthed vertical wire is more lke a tall 
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elastic pipe open at the bottom and immersed in the 
sca, for just as the sea-level is the zero of hydraulic 
pressure, so is the earth the zero of. clectrical 
potentials. 

Let us imagine, then, that in Fig. 8 (5) the full line 
represents the rubber pipe, the lower end opening 
into the sea. 

Obviously we must assume conditions under which 
the water has mass but no wetght : otherwise it would 
fall by gravitational action, emptying the _ pipe 
and causing it to shrink and collapse. If the 
above distinction is not clear to the reader let him 
reflect that werght, which is merely the result of 
gravitational action on matter, has nothing to do 
with inertia, which is dependent on mass. For in- 
stance, a bullet whirling through space at an infinite 
distance from any sun or planet would be weightless, 
but its penetrating power, due to its inertia, would 
be as much as if it were moving sufficiently near 
to the earth to make it weigh, say, an ounce. 

It is necessary to imagine the water forced up into 
the pipe so as to distend it to the dotted outline, 
somewhat as electricity is forced into the electrically 
elastic aerial in Fig. 8 (a). If the pressure is sud- 
denly removed so that the pipe can discharge into 
the sea, a rush will take place and the inertia of the 
moving water will carry it beyond the normal fulness 
of the pipe, causing a depletion and shrinkage indi- 
cated by the long-and-short dashes. The water will 
then be sucked up again and so will perform a series 
of oscillations, the damping of which depends chiefly 
upon the friction against the sides of the pipe. Iwo 
most important points must be emphasised : 


[ily PRINCIPLES OF RADIOTELEGRAPHY, 31 


(1) [he maximum flow of water 1s at the bottom 
iit (he pipe, where must pass all water that 1s expelled 
a sttcked up, but at this point the pressure is zero, 
rc, at sea-level. Similarly, the maximum flow of 
‘lectricity im the aerial is at the earth-connection 
where the potential 1s zero. 

(2) The maximum #ressure and distension of the 
pipe is at the top, where the flow is zero (the water 
ius here nowhere to flow to). 

Analogously, the maximum potential of the aerial 
in iit the top, where, as in the case of the pipe, the 
{low is zero, 

In this connection, let us select a jewel from the 
brilliant gems of popular science so often exposed to 
(le greedy gaze of the public in the columns of one 
of our “ bright and brainy ” little halfpenny dailies, 
and let us make this paragraph a modest setting for 
Me, . . ° Mr. Marconi’s long vertical wire, 
off the end of which electricity runs.”’..(It 1s to be 
feared that the writer did xoft allude to the small 
lvush-discharges which do sometimes leave the tops 
of aerials.) 

We are also reminded of photographs of these 
Inuish cischarges reproduced in large “ pictures ”’ 
‘lating to show visible waves starting from Poldhu 


fo America tl! 

ut, returning to our earthed aerial, we shall find 
(hat the potential, besides being maximum at the top, 
decreases gradually downwards towards the base, 
While (lie flow decreases upwards towards the top. 


lfm the diagram Fig. 8 (c) distances are set off to 
ln let at right angles to the line of the aerial, and in 
juoportion to the potential at the point where they 
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cut the aerial (a suitable scale being selected, such as 
I in. to every 40,000 volts), a curved line joining these 
points will give a clear indication of the distribution 
of potential along the aerial. A similar line (shown 
in dot-and-dash) may be drawn on the right to indicate 
the distribution of current or flow. 

These most important points will be reverted to 
when the receiving apparatus is discussed, but at 
present only the transmitting arrangements are 
under consideration. 

Limitations of the Simple Aerial.—The simple 
vertical wire is of very limited utility, because it is 
impossible to store much energy in it, and because 
the energy is radiated far too rapidly for proper 
syntonic working. 

Effect of Capacity and Voltage on Energy.—Now, 
the guantity of electricity stored in an aerial or any 
other condenser 1s proportional to the capacity of the 
aerial and to the voltage to which it is raised, and 
the electrical energy stored is proportional to the 
product of the quantity and the voltage to which it 
is raised. 

It follows from this that the energy stored is 
proportional to the capacity and to the square of 
the voltage. Thus, if V is trebled, the encrgy stored 
will be nine times as much. It1is, therefore, apparent 
that there must be two directions in which the work- 
ing of the single-wire aerial can be improved. 

(1) By increasing the Capacity.— The capacity can 
only be increased by increasing the area exposed. 
All the aerials shown on previous pages are designed 
largely from this point of view. 

(2) By increasing the Spark-Length and raising the 
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lodge Vt tight appear at first sight that to increase 
He collage ot am aerial or other condenser must be 
ooely ou oumatter of lengthening the spark-gap and 
op ow tilliiently powerful generator for charging. 
fi i oveetipelily (rue that a voltage of about 75,000 1s 
ooptiiveet tor qutup it pap rin, long ; and, therefore, it 
oth appear possible to charge the condenser to 
poo volts by using a O-in, gap; but it is found 
(lial ato Che poopy lenpeth is mereased beyond a certain 
ale the seaintanee becomes so high that the oscil- 
latins vte too heavily damped. A point is event- 
ally coaeheel at) whieh oscillations are no longer 
peoocbocel oanel Che only result is a single feeble 
ceoperbe wlth te qatetieally useless. 
Vode thee comeitions nearly all the energy is ab- 
AP the pope itself, where it is converted into 
Lat 
Ihoi oteet provable, however, to name a definite 
port depth ue the best for all capacities, for the 
eee ree ey ED | 
Ptet of Capacity amd Inductance on Spark- 
foueéh  Nuy aiiatem: who has experimented with a 
coal tilt thom cow owill know that the spark 
(le termads of Che secondary, when they are 
ryeeeatodd tothe muisintum distance, is thin and blue. 
Hhooruguneity one addled) to these = terminals—for 
motu) by attache the plates of a Hertzian 
Wieter the tuasinunr spark-length obtainable 
bot vied, bat) the spark is snappier, bluer, and 
Phi bog 
Votarther ieteawe of capacity shortens the spark 
OM owe and at becomes very loud and thick, its 
Ae ooleuptop foot bright blue. 
C 
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Any spark is a tube of hot gas surrounded by 
cool air, and is a good or bad conductor according to its 
length and cross-section, and, though the resistance 
does not follow the simple laws of metallic wires, it 
is greatly decreased if the cross-section of the spark is 
increased. If, therefore, a large capacity containing 
a considerable quantity of electricity is discharged 
across a gap, it forces a large tube for itself, and the 
resistance of the gap is correspondingly reduced. The 
consequence of this is that the voltage and spark- 
length can be raised to a higher value without reaching 
the point at which the damping is unduly increased. 

Thus, there is double advantage in raising the value 
of the capacity. Firstly, a greater supply of energy 
can be stored for a given voltage ; and, secondly, the 
voltage itself can be increased. 

If the spark-length can be doubled in this way, the 
voltage can be doubled ; and, therefore, the energy 
stored will be increased fourfold, quite apart from 
the direct increase due to the greater capacity. 

Spark-Gaps.—It has been found by several ex- 
perimenters that the voltage required to produce a 
spark across two or three gaps in series is greater 
than that required to spark across a single gap of 
the same length as the separate gap-lengths added 
together ; also, when once the spark has occurred, 
its resistance is considerably less than that of the 
equivalent single spark. 

For instance, Professor Slaby substituted three gaps 
of 2} millimetres for one gap of 10 millimetres ; and 
though the discharge-voltage was 30,000 in both 
cases, the resistance of the single spark was 15 ohms, 
while that of the three sparks in series was only 
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OG ohm. The three sparks made up a total of 
7-5 millimetres, and the energy stored in both cases 
wis the same. The twofold gain seems, therefore, 
to be the decrease of gap-length for a_ given 
umount of energy, and the decrease of spark- 
resistance. 

The Sparking Surfaces.—Yhe sparking surfaces 
of all laboratory-oscillators must be carefully and 
frequently polished, as the slightest roughness or 
dulness, due to pitting by the spark or other 
causes, very seriously reduces the energy of radia- 
tion. The reason is that only very little energy 
of charge is stored in oscillators of small capacity, 
and it is necessary that the. spark shall snap across 
the gap with great suddenness, carrying the whole 
of the charge with it in a violent rush. If the spark- 
ing surfaces are rough, some of the charge spits off 
from the projecting points, and much of the 
energy 1S lost before the actual spark takes place. 
Probably also the spark is not sudden when it does 
come, but is preceded by a sort of brush or preliminary 
discharge, which gradually lowers the gap-resistance 
instead of very suddenly reducing it from infinity 
to acomparatively small value. 

lor this reason the Lodge ball-oscillator, the 
capacity of which is very small, requires a higher 
polish than the Hertzian oscillator, while Prof. Bose’s 
radiator, with its central ball only 1 cm. in diameter, 
requires even greater care in this respect. This is 
one reason for using small spark-coils with laboratory- 
lacdiators. On the other hand, larger radiators 
with greater capacity give no trouble in this respect, 
wand the spark-balls of even small condensers of the 
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jar type may be allowed to get quite rough without 
any considerable decrease in efficiency. 

t A troublesome phenomenon, known as “ arcing ”’ 
is dealt with on page IoI. 

Fundamental and Harmonic Vibrations.—To under- 
stand the different modes of vibration of an acrial 
it 1s best to compare its behaviour with that of 
vibrating strings and organ-pipes. 

Most people are familiar with the fact that a 
stretched wire can be made to vibrate as a whole so 
that it emits the lowest note of which it is capable, 
and that by plucking it or bowing it at various places 
or damping it by means of the finger, it can be made 
to vibrate in higher tones which are always in har- 
mony with the lowest note. 

The lowest note is said to be the fundamental note 
of the string and the higher notes are due to vibra- 
tions at frequencies which are all products of the 
fundamental frequency. These vibrations are called 
overtones or harmonics, and can exist simultaneously 
with the fundamental. 

It is more or less complex harmonics which give 
the differing quality or timbre obtained from various 
instruments even when they are sounding the same 
note. 

Fig. 10 (a) represents a string vibrating 1n its funda- 
mental tone: the dotted lines show the limits of its 
travel; (b) shows the second, and (c) the third 
harmonic. 

Nodes and Antinodes—When a string or a 
column of air in a pipe or any mechanical or elec- 
trical oscillating system vibrates only in some one 
harmonic, there are regularly spaced points (marked B 
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in I‘ig. 10) where no vibration takes place ; these are 
called nodes, and the intermediate vibrating portions 
A A are called ventral segments or antinodes. 

The node is a point of maximum tension and elastic 
force, and the antinode is a point of maximum move- 
ment or displacement. 

Stationary Waves.—When a train of waves meets 
a reflecting surface, the reflected waves travelling 
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Fic. 10.—Vibrating Strings. 
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back towards the source interfere with the outgoing 
train, producing stationary waves in space. In fact, 
the space is divided up into nodes and antinodes 
similar to those in the vibrating string. 

Stationary waves of sound can be produced with 
ease, but the commonest and most obvious example 
is the beautiful concentric series of waves often pro- 
duced on the surface of the water in a circular vessel 
when it is rhythmically disturbed at the centre. 
These waves are the result of interference between 
those travelling out from the centre and those re- 
flected back from the circumference. 

Stationary Hertzian waves can also be produced by 
reflection, as Hertz himself beautifully demonstrated. 

Organ-Pipes and Aertals.—If an organ-pipe with the 
end open is blown at the proper pressure, it vibrates 
fundamentally, and the wave-length 1s equal to four 
times the length of the pipe. If the end is closed, 
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the wave-length will be twice the length of the pipe. 
By overblowing open and closed pipes they can be 
made to vibrate in higher harmonics—the closed pipe 
in 3rd, 5th, and 7th, etc.; the open one in 2nd, 
3rd, and 4th, etc.; that is, they will emit more 
frequent vibrations and therefore higher notes, which 
will be harmonious with the fundamental. Such 
pipes can be made to resonate or amplify sound if 
tuning forks tuned to the fundamental or one of the 
harmonics are set vibrating at the lower end. 

In Fig. 11 a, 6, and cshow respectively, the fund- 
amental, second and third modes of vibration in an 
open pipe, and d, e, f show fundamental, third and 
fifth vibrations in a closed pipe. The dotted lines 
indicate the distribution of pressure and motion on 
the same principle as is described on page 31. In this 
case, and mercly for convenience, the pressure-lines are 
drawn outside and the motion-lines inside the pipe. 

The action of the closed pipe is well illustrated by 
lig. 8 (d), which shows a vertical rubber tube closed 
at the top like that described on page 30. Thisis 
attached to an oscillatory water-circuit of the kind 
indicated in Fig. I on page 9. 

If the water-circuit were vibrating at its natural 
rate, it is probable that the vertical pipe could be 
made to resonate—that is; to commence vibrating in 
tune with the surgings in the circuit so as to gain an 
increment of amplitude and energy at every impulse. 

Lastly, Fig. 8 (e) shows the corresponding celec- 
trical case in which an aerial is attached to some 
point in a circuit where the potential or clectrical 
pressure rises and falls. Under these conditions only 
vibrations which are either identical or harmonious 
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with the fundamental frequency of the aerial will 
excite it at all. 

The effect can be shown well in the laboratory by 
using a vertical coil of several hundreds of turns of 
fine wire, instead of an aerial. This increases the 
inductance so much that a coil 5 or 6 ft. high can 
be made to respond to an ordinary circuit containing 


one or two Leyden jars and a few inductive turns 
of wire. 
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Fic. 11.—Modes of Vibration in open and closed Organ 


Pipes. 


By varying the capacity and inductance the coil 
can be made to vibrate fundamentally and in various 
harmonics, the nodes and antinodes being explored by 
means of a vacuum-tube containing residual neon or 
carbon dioxide. The tube will glow if held near an 
autinode of electrical potential, and will be dark at 
all the nodes. 

The coil corresponds to a closed pipe, and will 
always have an antinode of potential at the top, as 
shown in the sketches of organ pipes (Fig. rr); it 
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can even be made to behave like an open pipe by 
connecting the top to earth. 

Fig. 8 (f) shows the method of connecting the coil 
to the circuit ; the capacity-effect of the coil can be 
increased by stretching an earth-connected wire par- 
allel to it; the dotted lines show the distribution of 
potential with fifth and second harmonics as examples 
of the closed and open vibration which can be imposed 
upon the coil by the oscillatory circuit. These ex- 
periments are fully described in the author's articles 
in The Model Engineer. 

The fact that an aerial can be made to vibrate 
similarly in harmonics is of utmost importance, both 
in transmitting and receiving work. 

Practical Bearing of Fundamental and Harmonic 
Vibration.—The most vigorous and suitable state of 
oscillation in an aerial is the fundamental, and it 
follows from the above that any separate circuit 
which is used for exciting an aerial must be carefully 
arranged to vibrate at the same frequency as that of 
the aerial itself. 

Again, the insertion of a detector of very high 
resistance between the bottom of the aerial and the 
earth practically amounts to insulating it from the 
earth, and whether it is connected to the earth or to a 
lower capacity-area it cannot vibrate fundamentally. 
Possibly it was vibrations in higher harmonics 
which enabled Marconi to receive signals at all with 
his earlier apparatus ; a coherer of practically infinite 
resistance was inserted between the aerial and the 
earth, and must have entirely prevented any free 
oscillations at the natural period of the aerial. 

Position of Detectors.—It must be remembered 


THE PRINCIPLES OF RADIOTELEGRAPHY. AI 


that detectors used in radiotelegraphy do not detect 
electric waves ; they respond to oscillatory impulses 
induced in the receiving circuit by the waves which 
set it vibrating. 

Detectors may therefore be such as will respond to 
an oscillatory voltage or of a kind which 1s operated 
by current. For instance, a coherer has almost 
infinite resistance until an oscillatory voltage gives 
the added impulse which is necessary to help the cell 
in the circuit to cause “ coherence ’’ (a condition in 
which the coherer is a good conductor). 

The coherer is an example of what is called a 
voltage-operated detector, whereas a Marconi mag- 
netic receiver in which the oscillatory current flows 
through coils of comparatively low resistance 1s 
current-operated. 

It has already been shown (pages 30 and 31) that the 
current in the aerial is maximum at the bottom, and 
that the potential is maximum at the top, and, as the 
same rule apples to the receiving aerial, it follows 
that a current-operated detector D should be inserted 
at the bottom, as shown in Fig. 8 (g). 

‘The disposal of a voltage-operated detector is not 
so easy, for we cannot put it at the top of the aerial 
where the potential is maximum. Apart from the 
inconvenience of trying to arrange to work the 
apparatus at the top,it is clear that as the detector 
requires a difference of potential to actuate 1t we can 
only get that difference by connecting the detector 
between the top of the aerial and some point which 
like the earth is at a lower potential. To bring awire 
down to earth from the top would be merely to pro- 
vide a second aerial, the potential at the top of which 
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would be equal to that of the aerial at the same 
height. Obviously, the coherer would not respond at 
all under these conditions. 

Sir Oliver Lodge's Receiving Transformer.—In 
1897, Sir Oliver Lodge patented an_ oscillation- 
transformer, the primary of which 1s inserted where 
the current 1s greatest, a free path being thus pro- 
vided for the oscillations; the secondary coil is 
connected to the coherer, which is operated by 
induced potential-difference. This arrangement is 
indicated roughly in Fig. 8 (4), where P is the primary 
and S is the secondary. 

In some cases special adjuncts are required in the 
detector-circuit to confine the oscillations to the 
detector. A convenient classification of detectors is 
clearly afforded by dividing them according to 
whether they are current-operated or voltage-operated, 
as the first-named can be inserted between the aerial 
and the earth (even if better methods of connection 
are available), whereas the other class makes it 
necessary to use an oscillation transformer or some 
other device which leaves the aerial free to oscillate, 
and yet provides the rise of potential-difference 
necessary to actuate the detector. 

Detectors of the coherer type afford the only 
easy means of calling up, ringing bells, and pro- 
ducing visible motion with Morse-rmkers, syphon- 
recorders, etc. 

TUNING. 

Syntony, or tuning, has been spoken of already, 
but it is now time to consider it more carefully. 

If one of two tuning forks of exactly the same pitch, 
mounted on “ sounding boxes,” is made to sing near 
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to the other, the other will begin to vibrate with 
gradually-increasing amplitude until, if the exciting 
fork is stopped, the responding fork will be heard to 
sing loudly enough to be audible all over a large room. 

If the natural period of esther of the forks is in- 
creased by weighting it with a ball of wax (or some- 
thing a little heavier, if it is a large fork), there will 
be httle or no response. 

If a fork is sounded near another one capable of 
vibrating in a harmonic which is the same as the 
fundamental of the smaller sounded one, the larger 
fork can be made to sing the note of the smaller, but 
not with the same vigour as if the two were in unison. 

These effects are due to the cumulative action of 
beats carried through the air, and only take place if 
the beats arrive so as to help the responding fork at 
the right time during each swing. 

The individual beats may be very feeble, as in the 
case of a church-bell which can be moved only a few 
inches out of the vertical position by a man pulling 
on the bell-rope with his whole weight, but can be 
slowly raised to an amplitude of swing of several 
feet by means of small pulls timed to its own natural 
period. 

In radio-telegraphy this principle is employed for 
getting the best effects between the transmitting and 
receiving Stations ; but there is yet another way in 
which syntony is made use of. On page 24 oscillation- 
transformers are mentioned as means of setting up 
long and persistent wave-trains in an aerial. In 
Tig. 8 (e) an aerial is shown attached to a point in an 
oscillatory circuit from which it takes its energy ; 
and on page 24 1s mention of Lodge’s method of actu- 
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ating the detector by induction between two circuits. 
In all these cases the two circuits or systems must be 
syntonised, or no satisfactory results will be obtained. 

Persistent and Damped Oscillations.—There are 
two methods of setting a tuning-fork vibrating ; one is 
by a single blow (as with a leather-covered hammer) 
and the other by bowing it like a violin-string. 

In the first case vibrations of considerable amplitude 
are started suddenly and the amplitude decreases 
from the commencement onwards, until the energy 
has been dissipated. In the second case, if the fork 
is properly bowed the amplitude rises gradually from 
zero to a Maximum. 

Again, if a revolver is fired near the globe of an 
ordinary gas-burner the globe may be set vibrating 
with as much vigour as would be obtained by softly 
singing its own note in the neighbourhood and caus- 
ing it to respond to the small syntonised impulses. 

Any gas-globe would resound to the revolver- 
explosion, while only those with a natural period 1den- 
tical with that of the note sung would respond to the 
voice of the singer. 

Now, there are intermediate conditions; for in- 
stance, a source of air-waves might be arranged to 
emit sound so violently as to absorb all its energy 
by the end of the third oscillation. Obviously under 
these conditions the gas-globe could be made to 
respond with less energy per oscillation if the impulses 
arrived in such succession as to help each other. 

Suppose, however, that there were a 5 per cent. 
difference between the two periods, so that the third 
impulse arrived 15 per_cent. out of time, then the 
second impulse would not have its full effect on the 
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globe, while the third would have still less. As, 
however, the first impulse would be the strongest, 
the globe would still respond vigorously. If the 
source of sound were damped much less, so that it 
performed 40 vibrations before it came to rest, far 
less energy per vibration would, if there were perfect 
syntony, give the cumulative effect required for 
exciting the globe, but an error of 5 per cent. in the 
periods would gradually cause the arriving impulses 
to get out of step with the vibrations of the globe. 
During these changing conditions, there would be 
an increasing tendency to choke down or kill the 
response already excited, until at the hundredth 
vibration the opposition would be complete. 

Thus the more persistent are the exciting vibrations 
the more exactly must they be timed to make their 
eficct properly cumulative. It follows that to make 
one only out of a number of gas-globes respond 
vigorously to a musical sound, it is more important to 
maintain the sound steadily at the precise pitch of 
the globe than to make it very loud. 

The same principles hold good in wireless signalling 
between syntonised stations. The early aerials used 
by Marconi were incapable of syntonic working, 
because their capability of storing energy was small, 
their radiation exceedingly vigorous, and their rate 
of damping accordingly excessive. 

Almost any receiving aerial would respond to the 
two or three violent surgings emitted by such ap- 
paratus, and its use, except on a very small scale, 
would now be prohibited by the Government because 
of its disturbing effect on tuned stations. 

The effect of allowing the generation of violent and 
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transitory wave-trains may be illustrated by the 
following comparison :— 

Imagine a large hall full of tuning-forks all singing 
at different pitches, some loudly and others softly, 
and suppose that a person provided with a Helmholtz 
resonater, made to respond to the middle C, is 
trying by its aid to pick out that note from among 
the others.* It is clear that his chance of doing so 
would be small if another person were beating an 
iron tray or a thin brass gong close at hand. The 
tray or gong gives out very violent and heavily 
damped vibrations, not only because the area exposed 
to the air is great and the energy is radiated rapidly, 
but because the thickness and mass are small, and 
therefore the vibratory energy stored 1s insufficient to 
maintain the radiation for long. 

It must be remembered that when vibrations 
commence suddenly and then gradually die away 
as in the cases of a plucked string, a fork struck by 
a hammer, and a capacity discharging through an 
inductance-coil, the responsive vibrations grow 
steadily while the primary oscillations decay, until 
the various energy-losses in the responsive system 
become greater than the increments received and the 
responsive oscillations also begin to die away ; there 
is therefore a moment of maximum amplitude in the 
series of induced vibrations and from this moment 
onwards they must, unless there is interaction (see 
p. 55, etc.) decay until the combined system 1s at rest. 

Stiff and Responsive Circuits.—Mere syntony is 


7 Helmholtz resonatorisa metal globe which only vibrates 
to one particular note, and this can be distinguished from a 
confusion of sounds on listening at the earpiece. 
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not by any means the only condition necessary for 
selective response either in mechanical or electrical 
cases. If two vertical steel strips are clamped at 
the bottom and provided with weights at the top— 
one being a very thin, weak spring, and the other stiff 
and strong—it is necessary to provide a very heavy 
weight for the stiff spring to give it the same natural 
period of swing as the lightly-weighted weak strip, 
but there is a very important difference in_ their 
responsive properties ; a single impulse which will set 
up a vigorous vibration of the thin spring will hardly 
move the stiff spring because of the great inertia of the 
mass at its end ; but a series of small timed impulses 
imparted to the stiff spring will gradually set up 
vibrations, the accumulated energy of which is far 
greater than could possibly be stored in the weak 
spring. 

An oscillatory circuit with a large capacity and 
small self-induction corresponds to a weak lightly 
weighted spring, while a circuit with small capacity 
and large self-induction is like a very stiff unbendable 
spring with a heavy mass at the end. 

Dr. Fleming very aptly distinguishes such circuits 
as “‘ responsive ’’ and “ stiff,’ and points out that, as 
in the case of the springs, a responsive circuit can be 
excited more easily by ill-tuned oscillations than can 
a relatively stiff circuit. The stiff circuit is therefore 
more “ selective.” 

Summary of Requirements for Selective Signalling.— 
(1) Means of storing or supplying usefully as much 
energy as possible in the transmitter. (2) Means of 
radiating the energy in a long and persistent train 
of waves. (3) Perfect tune or syntony between 
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transmitter and receiver. (4) Electrical “stiffness ”’ 
in the receiving apparatus. 

Continuous Oscillations.—For a long time it has 
been realised that if means could be found for pro- 
ducing high-frequency oscillations continuously, just 
as an ordinary alternator produces low frequency 
currents, exceedingly accurate selective syntony would 
be attainable. Various workers have succeeded in 
producing currents at very high frequencies by mean 
of specially-designed high-speed alternators, and such 
apparatus will probably compete seriously with other 
existing commercial systems in the near future. 

In November, 1906, Mr. Valdemar Poulsen, im- 
proving on discoveries made by Mr. Duddell 
in 1900, obtained oscillatory power of over a 
kilowatt at a frequency of 160,000 per second, 
and even raiscd the frequency to a million, at a re- 
duced output. Mr. Duddell had found that when a 
condenser and inductance-coil in series were connected 
in parallel with a continuous-current arc, oscillatory 
currents were set up round the circuit under certain 
conditions, their frequency being chiefly dependent 
upon the capacity and self-induction, by the adjust- 
ment of which the arc could be made to emit various 
musical notes. 

Poulsen’s improvements consisted chiefly in modi- 
fying the materials between which the arc was formed, 
enclosing it in a vessel full of hydrogen or coal gas, 
and placing it in a strong transverse magnetic field. 

By connecting a number of such arcs in scries the 
power can be considerably augmented. [his system, 
now very greatly improved, is not within the range 
of operation of the average amateur. 
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lor the first and most complete recognition of 
selective syntony as essential in radiotelegraphy our 
yratitude is due to Sir Oliver Lodge, who in 1897 
either adumbrated or definitely described almost 
everything that is useful in this direction, and to 
whom all users of syntonic systems are deeply 
indebted. When an extension of patent was granted 
recently, every impartial person who was intimately 
acquainted with the history of wireless telegraphy, was 
glad to see Sir Oliver Lodge reap some of the long 
deferred fruits of the splendid researches for which 
others have often received the credit. 

His recently arranged co-operation with the Marconi 
Company makes him a sharer in the success to which 
his work has so largely contributed, and in view 
of his appointment as the Company’s adviser we 
may feel satisfied that his patents have proved 
themselves adequate instruments in securing for 
him a position which he should have enjoyed long 
ago. | 

It is to be hoped that this settlement will result in 
the commercial world and the general public giving 
him the recognition which was so long and 
ignorantly withheld. 

The succeeding paragraphs will show that we have 
by no means exhausted even the simple and non- 
mathematical treatment which the subject should 
receive in such a book as this 1s. 


COUPLING. 


It has been shown already that a greater storage 
of energy 1s possible in a transmitter if a separate 
discharge-circuit containing a large capacity 1s 


D 
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arranged to act inductively {on the aerial-circuit, 
through the agency of a transformer. 

It has also been shown that certain detectors must 
be inserted in a secondary circuit receiving its energy 
indirectly from the aerial, so that the oscillations in 
the latter may take place freely. 

The various arrangements for causing the transfer- 
ence of energy from one circuit to the other are known 
as couplings, and the transference may be from a 
closed circuit to an aerial when transmitting, or vice 
versa when receiving. To distinguish between the 
circuit which is giving up energy and that which is 
receiving it we may use the terms “ exciting circuit ”’ 
and “‘responsive circuit,” even though the word 
circuit is not strictly applicable to the aerial, which 
terminates in space. 

Inductive Coupling.—Coupling by magneto electric 
inductive action between the primary and secondary 
coils of a transformer with two distinct windings 
is called “‘ inductive coupling,’ and is the best an‘ 
most widely used at the present time. 

Direct and Auto-transformer Couplings.—Readers 
who are not familiar with the  auto-trans- 
formers used in house-lighting will be interested to 
know that transformation can be effected by means of 
a single coil on a core with one or more tappings 
taken off from points between the main terminals of 
the winding. The core may form a closed magnetic 
circuit or may be designed like a straight-core choking 
coil. Indeed a choking coil with tappings may be 
used as a transformer, though if it has an open 
magnetic circuit it will be inefficient. 

What is known as a direct-coupling between an 
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acrial and a closed circuit is made by attaching the 
bottom of the aerial to the circuit at some point 
where the oscillatory potential is high; for instance 
at one end of the inductance-coil, the other end being 
earth-connected to keep it at zero potential. 

In Fig. 8 (e) the attachment 1s made at one ter- 
minal of the condenser ; the operation of the arrange- 
ment is well illustrated by the hydraulic system in 
Fig. 8 (d) which has already been described. In 
fact, the aerial behaves in the same way as the tall 
vertical coil mentioned on page 39, and like it can 
be made to vibrate fundamentally or harmonically. 
The only difference between the two cases is that 
the dimensions of the coil are brought within the 
practical limits of laboratory-experiment by winding 
the wire in close turns so as to increase the amount 
of self-induction per unit of height; at the same 
time the electrostatic and electromagnetic effects 
are brought into wrong space relation with each 
other so far as the radiating power of the system 
is concerned, and therefore the rate of energy-loss 
by emission of waves is small, and the oscillations 
are fairly persistent. 

Now, in order that we may produce the necessary 
conditions of resonance wor syntony between the 
closed circuit and the aerial, we must vary the natural 
period of either or both, and to make this possible 
in the case of the aerial we may provide a second 
inductance-coil between the bottom of the aerial 
and the point of attachment to the circuit. 

We may also adjust the effect of the circuit upon 
the aerial by varying the position of the contact 
between points of high and low potential in the 
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closed circuit. Thus, in Fig. 8 (7) the bottom of the 
aerial is attached at a point between the extremities 
of the inductance, and is therefore subjected to a 
lower potential than the highest which is available in 
the closed circuit. In Fig. 8 (A), however, only a 
portion of the inductance is included in the closed 
circuit, and the aerial is attached to the extremity of 
the coil. It is clear that inasmuch as there is induc- 
tive action between the portion of the coil which 1s 
included in the closed circuit and the portion which is 
an extension beyond that circuit, the arrangement will 
act as a step-up auto-transformer, and we may there- 
fore consider the aerial to be attached to a point 
which is at a higher potential than any part of the 
closed circuit. By a similar process of reasoning we 
may call the arrangement indicated in Fig. 8 (7) a 
step-down auto-transformer. 

In reality, however, the inductive action between 
two portions of the inductance-coil is not very great, 
and confusion arises, because in the step-up case the 
extended portion of the inductance acts as part of a 
resonator, of which the aerial itself is the other part. 

How far we may look’ upon the arrangement as 
merely a direct coupling and how far the inductive 
action between the two portions of the coil makes it 
an auto-transformer will depend largely on the design 
of the coil. If it 1s long, with small diameter, the 
transformer-effect will be very small, whereas if the 
diameter is very great so that the required inductance 
is obtained with only three or four turns wound 
closely together, almost the whole of the magnetic 
flux produced by any one turn will act inductively on 
the others, and the transformer-effect will be great. 
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It must also be remembered that the absence of an 
iron core makes the ainount of inductive effect be- 
{ween the two portions of a given coil much less than 
if would be in the case of a transformer of the same 
#cneral proportions, but designed for ordinary alter- 
nating currents. 

Electrostatic Coupling.—This term is applicable 
when circuits are coupled by inserting a condenser 
between a point of high potential in the exciting 
circuit and a corresponding point in the responsive 
circuit. If an air-condenser is used the coupling 
may be varied by altering the distance between the 
two plates which form the condenser. 

The above explanations should make it quite clear 
that by a combination of a mere variation of contact 
and the changes of inductive action which accompany 
it, the effect of the closed circuit upon the aerial is 
variable and may be looked upon as an interlocking 
or coupling which can be made strong or weak at will. 
Any arrangement which enables this to be done is 
called a variable coupling. 

Tight and Loose Couplings.—A “close” or “ tight ”’ 
coupling 1s one in which the effect of one circuit upon 
the other is great, and the coupling is said to be 
‘ loose “ when the effect is small. 

The coupling between the primary and secondary 
coils of an oscillation-transformer may be varied by 
altering the distance between them or by sliding one 
over the other, so that there is more or less coincidence 
between their axes. 

The latter method is illustrated on page 128. 

The foregoing remarks apply equally well to the 
receiving and transmitting systems in radiotelegraph 
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stations, but it is physically possible to attain closer 
coupling in the receiving than in the transmitting 
apparatus, because a very tight coupling in the 
latter where the voltage is high, introduces practical 
difficulties in obtaining the necessary insulation. 

As will presently appear, however, it is positively 
disadvantageous to couple tightly either in trans- 
mission or in reception unless very special apparatus Is 
provided. 

If tuning were unimportant it would be only 
necessary to produce in the transmitting aerial a 
violent impulsive rush consisting of two or three 
waves, and the coupling might be made very tight. 
A transmitter operating in this manner provides 
excellent means for actuating an untuned receiver 
of the filings-coherer type (now disused); at one 
time it was the only kind of transmitter known and 
was employed in the non-syntonic system first 
used by Marconi. It is now necessary to examine 
the reactions which take place between two closely 
coupled circuits when they are arranged with 
the object of obtaining selective syntony. We 
have seen that to secure selectivity between trans- 
mitting and receiving stations it 1s necessary to employ 
long persistent trains of waves which actuate the 
receiver by a series of timed and cumulative impulses. 

Now when a certain amount of energy is set 
oscillating in the exciting circuit, it will be trans- 
ferred to the responsive circuit at a rate depending 
on the nature of the coupling between them, and if 
this is very close each exciting oscillation will induce 
a powerful responsive one which will result in a 
violent wave of radiation and a corresponding loss of 
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cnergy by the whole system; the transference and 
radiation of energy will, in fact, be so rapid that only 
one or two surgings will take place at all. In other 
words, the powerfully radiating system is very 
heavily damped unless the supply of energy is 
correspondingly great. 

To obtain a persistent train of waves the coupling 
must be loose—that is, the primary and secondary 
must be well separated so as to act upon each other 
feebly ; under these conditions the transference of 
energy per oscillation from primary to secondary is 
small and the primary energy is well conserved, a 
feeble impulse being imparted to the responsive 
radiating circuit with each vibration in the exciting 
circuit, so that a persistent train of waves of low 
amplitude is emitted by the aerial. Having chosen 
a coupling which has beenjudged likely tomeet these re- 
quirements, it might seem that at last the best arrange- 
ments for good selective syntony had been attained, 
but there is still one other complication, to illustrate 
which we must resort to a mechanical experience. 

In I*-ig. 12, A and B are two weighted spiral springs 
held by some rigid clamp at the upper ends, their 
length being so adjusted that if they are set oscillating 
in a vertical direction they have exactly the same 
period and remain perfectly in step. The points at 
which they are clamped are marked on both springs 
which are then removed from their rigid clamps and 
fixed at the same points to an elastic strip of material, 
c, supported at both ends. A long wooden rule or 
a lath serves the purpose well. If one spring, which 
we call the exciting spring, is extended slowly so as 
not to disturb the other, and is then released, it will 
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impart an increment of energy to the other spring 
at each oscillation through the medium of the flexible 
strip which will be very slightly distorted out of its 
average position by each ascent or descent of 
the weight. The energy imparted to the responsive 
spring will accumulate until it is about equal to that 
which remains in the exciting spring, the two being 
then in a state of oscillation at equal amplitudes. 





@) ( 


FIG. 12.—Weighted Springs to illustrate effect of Varying 
Coupling. 


At first sight it would appear that the springs are 
likely to remain vibrating at equal amplitude and in 
step with one another. Instead, it is found that not 
only are they out of step, but the amplitude of the res- 
ponsive spring becomes steadily greater and that of the 
exciting spring steadily less until a moment arrives 
when the former is at a high amplitude while the 
latter is practically at rest. This is instantly followed 
by the commencement of the reverse process—the 
‘creasing amplitude in the exciting spring with 
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corresponding decrease in the responsive spring, until 
the whole of the energy is again restored in the 
exciting spring, the other being once more at rest. 

The alternate oscillation of the two springs and the 
corresponding exchange of energy backwards and 
forwards between the two systems goes on for a time 
which depends on the amount of damping or energy- 
loss in the combined system. This effect is not easy 
to explain fully and simply without the use of terms 
and illustrations which are beyond the scope of this 
book, but a few words may help towards a partial 
comprehension of what happens. 

Before the responsive system has begun to move 
appreciably, the exciting system consists essentially 
of a weight fixed to a flexible support which has the 
combined elasticity of the spring and the wooden strip, 
for the latter is distorted and the slight movements 
produced in it are imparted to the responsive spring in 
such a way as alternately to elongate and shorten it 
slightly. In this way the responsive spring receives 
small increments of energy at the expense of the 
exciting spring, and as its amplitude increases it takes 
an increasing share in the control of the strip, but 
until the amplitudes of the two systems are equal, the 
exciting spring obviously has the greater control and 
produces most of the distortion ; consequently, its 
period is longer, the displacement of the strip having 
the same effect as adding to the stretchability of the 
spring. The periods of the two systems would reach 
cquality at the same time as their amplitudes became 
identical, were it not that while attaining such con- 
dition they gradually get out of step, so that when 
they do reach the moment of equal amplitude and 
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equal participation in the energy, the maximum ex- 
tension of the responsive spring precedes that of the 
more slowly vibrating exciting spring ; in more technical 
language, they are “out of phase’’ with each other. 

We may look upon it in another way, for when the 
exciting system is giving up energy to the respon- 
sive system it is doing work, and if a pendulum or 
other mechanically equivalent device is made to do 
work its period is increased above the normal value 
at which it would vibrate if free; the responsive 
spring on the other hand is accelerated to a frequency 
above that which is natural to it. At the moment 
only of equal amplitude the springs are like a couple 
of men marching out of step, though with equal stride 
and speed. The analogies do not make it very 
obvious how it is that at this moment the respon- 
sive system begins to take more than an equal share 
of the energy until its amplitude becomes so great 
that the exciting system is depleted and comes to 
rest. However, a further parallel with electrically 
vibrating systems is afforded if we now suppose the 
flexible strip to be replaced by a stronger and more 
rigid bar of wood with very little flexibility. In 
this case it will take much longer to impart a given 
amount of energy to the responsive system, but 
such a supporting bar gives so little extra flexibility 
that the time taken for the two systems to get out of 
step will be very great. If now some means are 
provided for absorbing the energy of the responsive 
system at a steady rate, almost the whole of the 
energy in the combined system may be dispersed 
by the responsive system before there is time for 
any energy to return to the exciting circuit, 
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The reader probably sees already the similarity 
between the coupled pendulums and an arrangement 
of electric circuits in which a closely coupled trans- 
former is used for transforming energy from a primary 
toasecondary system. The only difference in principle 
is that the connecting link which conveys energy from 
one system to the other and causes the changing 
period, is a potential or elastic displacement in 
most mechanical instances and is a dynamic 1m- 
pulse (or its equivalent) in most electrical circuits: 
consequently the greatest interaction in the former 
is at the moment of maximum displacement, while 
in the latter it 1s at the moment of maximum motion 
or flow. The comparison is equally applicable 
whether the transference is from a _ discharging 
condenser-circuit to a radiating aerial or from a 
receiving aerial to a circuit containing detecting 
apparatus. 

If two circuits were coupled electrostatically the 
parallel would be more exact, as electrostatic inter- 
action corresponds to the flexible connection provided 
by the wooden strip and is at its maximum value at 
the moment of greatest electrical displacement. The 
closely coupled transformer has self-induction in 
primary and in secondary, and mutual induction 
between primary and secondary; and the more closely 
it is coupled the greater is the mutual induction, and 
the greater the interaction between the circuits. 

As the secondary begins to respond to the primary, 
its current, according to the ordinary laws of induc- 
tion, 1S In such a direction as to tend to force back 
and reduce the magnetic field due to the primary. 

Thus the primary frequency increases while that 
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of the secondary decreases and they get out of 
step, the sequence of events being the same as in the 
case of the weighted springs. To follow out the 
complete explanation of the effect in the electrical 
case is easy if one has aslight knowledge of the laws 
of alternating currents. 

If the coupling is loosened sufficiently the amount 
of interaction and _ step-displacement is_ greatly 
reduced and, provided that the circuits are properly 
adjusted, the secondary will receive small timed 
increments of energy which will be radiated by the 
aerial in a long persistent train of waves such as are 
required for selective syntony. A fairly large pro- 
portion of the energy of each discharge can thus be 
radiated before the circuits have time to get out of 
step. 

Let us assume that all the syntonic requirements 
have been provided for in a system consisting of a 
primary exciting circuit coupled to a secondary coil, 
the latter forming part of an aerial circuit, the radia- 
tions from which travel to another aerial at a distance 
with a second coupled combination for actuating a 
detector. 

If the couplings have been adjusted correctly we 
have the best arrangement possible for a system based 
on these principles. But still we have not attained 
the ideal, for the use of the very loose couplings in 
vogue at the time of writing carries with it a great 
disadvantage :— 

The inductive effect being weak the primary or ex- 
citing circuit is very persistent, for it only gives up its 
energy slowly to the responsive circuit. As, however 
a certain amount of energy per oscillation is lost 
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wastejfully in the exciting circuit itself (being ulti- 
mately frittered away in the form of heat in the 
spark-gap, the conducting wires and the dielectric 
of the condensers), it follows that the more persistent 
the exciting circuit is the greater is the proportion of 
waste in it. 

Moreover, the proportion of energy wasted in 
inducing useless oscillations in neighbouring circuits 
and conducting objects is far greater with a loose 
coupling. When it is remembered that if the coupling 
is reduced to zero the whole energy of the exciting 
circuit will be wasted in itself and in its immediate 
surroundings, it becomes obvious that the loss 
of efficiency entailed by couplings in which the primary 
and secondary are small coils separated by a consider- 
able distance must be serious. 

Coupling-Waves.—In ordinary coupled systems 
perfect syntony is theoretically unattainable, as there 
is no one frequency which is absolutely common to 
both circuits. The frequency is continually increasing 
and decreasing as the energy passes from one to the 
other. 

Consequently, it 1s found that there are two distinct 
frequencies to which the detector-circuits in a receiv- 
ing station can be more or less accurately tuned. If 
the coupling is tight, neither of these frequencies 
affords sufficiently sharp and definite syntony for 
really useful selective working, but if the coupling is 
below about 20°% the two frequencies become so 
nearly identical that the wave emitted is pure enough 
for good syntonic working. 

While a loose coupling may provide almost 
perfect circuital syntony, the syntony between 
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aerial and aerial can be made theoretically and pract- 
cally perfect if the distance is sufficient to make the 
transmission a pure wave-effect. The waves are 
completely dissociated from the transmitter when 
once they have left it, and there can be no interaction 
unless the two stations are so near together that 
there is pure electrostatic induction between them. 
The mixed radiation of waves of two frequencies by 
tightly coupled circuits is limited by Goverment 
regulations in England, where couplings of more than 
ten per cent. are not allowed. The double waves due 
to tight couplings are called ‘‘coupling-waves.”’ 
Shock-Excitation Systems.—Ihe following is a 
note on_ the interesting methods now being 
developed for getting over the coupling-difficulty. 
t.4 Lhe exciting circuit is coupled fairly closely to the 
responsive circuit and apparatus is provided for the 
purpose of quenching the discharge-spark in a very 
small fraction of a second after it has been formed. 
The result of such a system successfully carried 
out is that a few violent surgings take place in the 
exciting circuit, and their energy is rapidly trans- 
ferred to the responsive circuit, which vibrates with 
a high amplitude. Near the moment at which the 
responsive circuit would naturally begin to return its 
energy into the exciting circuit the spark in the 
latter is quenched, the resistance of the gap becomes 
infinite and therefore oscillations cannot take place 
in the circuit at all. Thus the responsive circuit is 
left free to oscillate without any disturbance, and if it 
does not radiate with excessive vigour it will emit a 
long train of waves admirably suited for selective 
signalling. The parallel effect in the case of the 
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weighted springs would be obtained by waiting until 
the exciting spring is at rest and the responsive 
spring at its maximum amplitude, and then suddenly 
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Fic. 13.—Voltage-Curves of Primary and Secondary 
Oscillations in Closely Coupled Circuits. 
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Fic. 14.—Voltage-Curves of Primary and Secondary 
Oscillations with Quenched Spark. 


clamping the weight of the exciting spring so that it 
could oscillate no more. 
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Fig. 13 shows the oscillations in the exciting and 
responsive circuits, with the coupling too close, and 
an ordinary spark-discharge. Fig. 14 shows the 
corresponding case of a close coupling and a quenched 
spark. These curves are diagrammatic, but in actual 
working the wave-trains in both cases would be more 
prolonged than those shown. The Telefunken Com- 
pany, worked in England by Siemens Bros., has 
developed a system in which the spark-gap is the 
space between annular plates or rings of metal, only 
separated by very thin rings of mica, which leave a 
free area for sparks to pass between the plates. 
There are usually several of these gaps connected 
in series. 

Such an appliance when included in an exciting 
circuit coupled closely to the aerial causes the emission 
of persistent trains of waves with a far higher effi- 
ciency of working than could bé obtained with any 
loose-coupled system. As the quenching takes 
place before the moment at which energy would begin 
to return to the exciting circuit, the aerial is left free 
to oscillate at its own natural frequency. 

The degree of coupling is about 30 per cent.,* and 
the result is that the usual Telefunken ship-sets give 
1°5 kilowatts in the aerial for every 2 kilowatts in the 
primary of the converter which drives the set. 

Thus the over-all efficiency 1s about 75 per cent. as 
compared with the 25 per cent. obtainable in other 
systems where loose couplings and unquenched 
primary sparks are employed. Owing to the short- 

*The exact meaning of the term “ percentage coupling ”’ 


cannot be explained properly without introducing considera- 
tions, which, however simple, cannot be included in this book. 


THE PRINCIPLES OF RADIOTELEGRAPHY. °65 


ness of the gap the voltage to which the capacities 
can be raised is comparatively low, and the energy 
per spark is small, 

To compensate for this the group-frequency is 
far above the usual values, the apparatus being 
supplied by alternators with frequencies of 450 or 
500 per second giving sparks at about 1,000 per 
second. 

This high group-frequency causes the receiving 
telephone to emit a high musical note, a most satis- 
factory result from the operator’s point of view. 

Effect of Natural Conditions on Signalling.—The 
difficulty of signalling is greatly increased by the 
intervention of rising ground, though it is found 
that no ordinary obstacles make the establishment 
of communication impossible. It is impracticable 
to give definite figures for guidance as to the power 
required for working over various contours of land, 
but where possible the stations should be erected 
on hills and the intervening ground should be flat. 

Oversea work 1s far easier than overland. ‘This is 
not the place for a discussion of the various reasons 
which have been advanced to account for the way in 
which the waves seem to travel over, round or through 
obstacles, neither can the difference observed between 
night and day be considered. Signalling over great 
distances is always easier at night-time, being best 
wbout an hour after sunset and an hour before sunrise. 
The character of the soil between the stations has 
considerable effect ; Mr. Child has found the signalling 
(dintance in the North of Ireland to be from 3 ‘to 
-4 of what was attainable with similar apparatus 
tuider ordinary conditions. E 
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Atmospheric effects (called “ wtmosphernics ’’) 
are a troublesome source of disturbance in radio- 
telegraphy and are generally due to waves resulting 
from distant oscillatory lightning discharges. They 
can generally be eliminated by highly selective 
tuning, and by using rapid and regular sparks 
which give a musical note. 


CHAPTER III. 


AERIALS AND TRANSMITTING APPARATUS. 
PURPOSE AND RANGE OF APPARATUS. 


BEFORE setting to work upon the construction and 
erection of apparatus, the reader must first come to 
some decision with regard to the use which he desires 
to make of it. For instance, he may be content if 
his apparatus will cause a bell to ring at the far end 
of a room, or he may desire to signal over a great 
distance, with sending and transmitting apparatus at 
both stations. It 1s the author's purpose to describe 
transmitters and receivers of two or three different 
types, from which the reader can make his choice. 

If anything in the nature of a station is contem- 
plated, even for working over a short distance, a 
licence must be obtained. Licences for experimental 
work are usually granted under certain conditions 
on application to the Secretary, G.P.O., and for these 
no charge 1s made. Apblication must be made on 
forms obtainable from the Post Office. 

Further information on this point is contained in 
an article in Vol. XXI, page 6, of The Model Engineer 


for July Ist, Ig09, 
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LABORATORY-OSCILLATORS AND AERIALS. 

A good oscillator for general experimental work is 
the original Hertzian radiator, briefly described on 
page 17; it is constructed with ease and cheapness 
in the following way :—Iwo squares of 16-in. edge 
are cut from fairly stiff sheet zinc, and two I3-in. 
lengths from }-in. brass rod. Each rod 1s fitted with 
a $-in. ball of brass, which may be fixed either by 
screwing the rod into it, or by drilling it and sweating 
the rod into the hole. Solid balls can be procured 
ready made, and hollow balls of spun brass can be 
obtained for a few pence at Millward’s, in Albemarle 
Street, Clerkenwell ; they are known in the trade as 
‘ beads,’”’ and are made in various sizes up to 2 or 3 
inches. 

Each rod is sweated on to one of the plates at the 
centre of one edge, a flat being filed on the rod to 
provide a good gripping area for the solder. 

There is no need for great care in insulating the 
plates, which may be supported by a pair of heavy 
wooden blocks cut longitudinally with a saw to a 
depth of about rin. When the oscillator is required 
for use, the plates are forced into the slits. 

The main dimensions of this oscillator are almost 
identical with one of Hertz’s original designs. (See 
Fig. 15.) 

For producing more vigorous effects, larger oscil- 
lators of the same type and general proportions may 
be constructed at will. 

Where the radiation required is greater than that 
obtainable from a Hertzian oscillator, it 1s advisable 
to use one of a vertical or “ aerial ’’ type, which may 
be at any height from 5 or 6 feet to 80 feet, so long as 
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the capacity is not sufficient to prevent the charging 
apparatus from raising it to a reasonably high 
potential. 

One such aerial must be erected at both the 
sending and the receiving stations, and at each 
station the one aertal serves either for trans- 
mission or reception. The two aerials should be as 
nearly identical in design as possible. 
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Fic. 15.—Dimensions and Method of Support of a Hertzian 
Oscillator. 


The author proposes to give general directions: and 
hints for the construction and arrangement of aerials, 
together with a few practical particulars from an 
actual example. 

The best type for amateur use is undoubtedly that 
at present used in the Navy and elsewhere. It is far 
easier to manipulate than fan or cone-aerials, and can 
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be raised or lowered at will. A diagram of this type 
has been given previously, and though the actual ex- 
ample illustrated on pages 77-79 is a Lodge-Muirhead 
aerial, many practical points in its construction and 
erection will be found to be of cqual value when 
installing one of the Admiralty type. 

Design of Aerials.—eferring to Fig. 7 on page 23 
the reader will see that the arrangement shown is one 
which would not prove convenient in all circum- 
stances. For instance, if a pole were erected on a roof 





(Bb) 
FIG. 16. 


and a lower one at the bottom of a garden it might 
be preferable to return the aerial to the house, as shown 
in A BC, Fig. 16 (a), so that the apparatus could be 
used in a room; alternatively it might be brought 
down almost vertically to a hutin the garden, as indi- 
cated by AB Dinthesame figure. Either method is 
legitimate, butit is well to remember that the more 
bent the aerial is, the more directive is its radiation ; 
a bent aerial radiates somewhat more powerfully in the 
direction towards which the bend points, and receives 
slightly better when waves come from that direction. 

The amateur is not advised to aim _ deliber- 
ately at directive signalling, as excessive bending 
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decreases the efficiency and prolongs and enfeebles 
the radiation unduly. Thus while the arrangement 
shown in Fig. 16 (6) is a rather feebler radiator than 
the (a) arrangement, and has a capacity which is out 
of proportion to its inductance, it issomewhat directive. 

In the (a) arrangement the upper end should be 
as high as possible, but if the length required cannot 
be obtained vertically the horizontal distance between 
the points of support must be proportionately greater. 

On page 126, etc., there is a description of a receiv- 
ing inductance forming the primary of a transformer. 
This inductance contains a certain length of wire, 
and if it were inserted in a small aerial the wave-length 
Of the acrial and coil combined would be so short 
(hat it would be impossible to tune to many 
(ransmitting stations. 

lor this reason additional inductance is inserted 
to add to the wave-length of the combination, 
but as much as possible of the wave-length 
should) result from exposed aerial and as little 
as possible from inductance, over and above what is 
necessary for providing a suitable primary winding. 
Therefore the actual aerial should be as long as 
space and funds will allow without making its 
horizontal component too great in comparison with 
its vertical component. 

The horizontal component should be as far ‘from 
the. earth as possible; for instance, in Fig. 16 (c) 
the full-line arrangement is better than the dotted one. 

For transmitting to distances of more than half 
a mile or a mile the aerial should not be less than 
45 metres long, as the absorption by trees, buildings, 
etc., is too great at wave-lengths below about 200 
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metres. The greater the wave-length the less is this 
absorption. 

_Wave-Length of Aerials —Having alluded to length 
and wave-length, it becomes necessary to explain 
the relation between them. 

The frequency of any oscillatory system is given 
5°03 xX I0? 
by the formula » = ——~———, where C is the 
VC L 
capacity in micro-farads and L is the inductance 
in absolute units or cms. But the wave-length 


v 3x 10°x VC L ae 
Ss Xr SO i “ L 
h=7 a ae 59°6 VC 
metres. 


_ The capacity C of aerials of the type under con- 
sideration can be increased by using four or even 
more wires instead of two, and bringing all the free 
extremities down towards the earth as in Fig. 10, 
but it is found that within the limits of ordinary 
working the modifications which increase the capacity 
decrease the self-induction and that the wave-length 
is practically proportional to the length of the aerial. 

The length L, of the aerial is the total length from 
the extremity down to the earth-connection. 

Thus in Fig. 16 a the length of the aerial A B C is 
A B+ BC + the length of wire from the apparatus 
to the earth-connection. The natural wave-length 
of the aerial is from 4 to 4°5 times the length L,. 
For ordinary L and V shaped aerials there will not be 
much error in the assumption that 4 = 4°25 Ly. 

When an inductance is included in the aerial 
k= 4°25 (L, +4 L,), where £ is a constant depending 
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upon the closeness of winding and size of wire in 
the inductance and L, is the total length of that 
wire. For transmitting inductances such as are 
described in this book, & is generally about 2, and 
for receiving inductances from 3 to 3°5. 

Asa foot is 0°3048 of a metre, the factor 1°3 may be 
substituted for 4°25 when A is in metres and L, and 
L, are in feet. 

Material for Aerial.—Copper is satisfactory for 
small aerials and may be 7/18 S.W.G. for transmission 
or as small as 3/22 when only required for receiving. 
Large acrials of copper, however, stretch excessively; 
No, 12 aluminium wire is very valuable where great 
lightness is necessary. 

}Snamelled stranded phosphor-bronze wire specially 
made for aerials is supplied by the London Electric 
Wire Company, and is greatly superior to copper 
inechanically. For general work it is on the whole 
the best material, though it is somewhat expensive, 

Construction, Clearance and Insulation of Aerials.— 
The cross-bars of wood which separate the components 
of two-wire and four-wire aerials are mere supports, 
and though they should be well painted to protect 
them from weather, their insulation does not matter, 

The wires must be thoroughly well connected 
together at the free extremity. 

The aerial must be hung in such a manner as to 
clear all buildings, trees, or other objects by a distance 
of not less than 3 feet, and, if possible, considerably 
more. Care must be exercised in keeping the wire 
as far as possible from any pipes, lightning-rods, 
lead roofs, or other conducting bodies, for such 
objects tend to short-circuit the electrostatic field, 
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or, rather cause it to concentrate between themselves 
and the wire instead of extending outwards into space. 

The insulation of the aerial must be perfect, especially 
at the free extremity where the potential is highest. 

Four or five of the compression-strain porcelain 
insulators specially sold for this purpose may be 
strung together by means of strong creosoted cord, 
the insulator being used as it is designed to be, with 
the porcelain under compression. 

The wires BC or BD (Fig. 16) are soldered to- 
gether near their lower end, and connected to a 
single stout wire which enters the apparatus room 
and is called the leading-in wire. This wire is 
brought into the building with adequate insulation 
(see page 86) and’must be connected to a well-designed 
and substantial switch arranged to short-circuit the 
apparatus and connect-the aerial directly to earth. 

Danger from Lightning.—The above precaution is 
absolutely essential and the aerial should never be 
left disconnected from earth when not in use. If this 
rule is adhered to and if no work is attempted when 
thunderstorms are about, the danger from lightning 
is insignificant. All delicate detectors should also 
be disconnected or short-circuited during natural 
electrical disturbances. 

Masts and their Evectton.—The expense of masts 
more than 4o ft. or 50 ft. high is, for most amateurs, 
so serious that advantage is taken of houses, trees, 
chimneys or any other supports from which the 
aerial can be suspended or to which comparatively 
short masts can be added. 

When a house is available a very efficient and cheap 
aerial can generally be made by erecting a mast on 
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the house and bringing the aerial down to a second 
mast at the end of the garden and from thence to 
one of the lower windows of the house, or to the window 
of a wireless-cabin near the foot of the mast. These 
arrangements have already been indicated in Fig. 16. 

Mr. Child suggests a 50-ft. or 60-ft. mast at the 
end of the garden, with one of 20 ft. or 25 ft. on 
the roof; though many amateurs get on well with far 
less ambitious dimensions, those erecting aerials may 
consider this standard as one to be approached as nearly 
as their purses willallow. Somuch depends upon the 
aerial that moncy is weil spent upon it, especially in 
obtaining a high garden-mast. Mechanical and elec- 
trical details should be carefully and thoroughly 
thought out ; temporary arrangements will sooner or 
later lead to disappointment and waste of money 
and time. 

The following points are abstracted from practical 
articles which have appeared at different times. 

For masts in the ground the height should be 
sufficient to clear all surrounding structures (except 
abnormal objects like factory chimneys) by at least 5 
or 6 feet. 

A garden-mast 50 ft. or 60 ft. high with stays 1s 
likely to cost £5 or more if erected by a firm, and will 
require a space of 8 ft. or 10 ft. round it for the stays. 
It will probably be made in two sections with a lighter 
top-mast. 

Three 7/16 5.W.G. galvanised iron-wire stays 
may be used for the mainmast and three 7/18 S.W.G. 
of the same material for the topmast. The latter 
should be cut half-way and several porcelain strain- 
insulators or strands of well-creosoted rope inserted. 
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The aerial halyards should be endless and may be 
of flexible steel or good strong rope. 

For securing the stays stout pieces of creosoted 
wood, say 4 ins. X 4 ins., Should be driven far enough 
into the ground to be absolutely secure. 

Two-inch or three-inch bamboo may be used on the 
house; it only needs light stays and will last for 
years if of good quality. Bamboo may be strength- 
ened by binding it for 3 ins. in the middle of each 
section with spun yarn. The whole is then varnished 
and the end plugged with wood. A small mast may 
often be secured to the wall of a house by dropping 
it into a pair of stout iron bands or rings with shanks 
very carefully cemented into deep holes in the wall. 

Use of Tvees.—Trees may be used instead of masts, 
but must be well stayed if there is any tendency to 
move in the wind.* Also the aerial must be kept 
quite clear of the branches and leaves, and, if 
necessary, ropes must be used between the aerial 
and the point of support to secure clearance ; these 
must, of course, be well insulated from the aerial. 

Steel Masts.—Steel masts may be used, but the 
distance between the mast and the commencement 
of the aerial should be increased to prevent electro- 
static induction. If possible, a top-mast of wood 
should be provided and special care must be given 
to insulation. 

A Few Notes on an Installation.—The following 
are a few notes on the author’s experimental installa- 
tion for working between Hampstead Heath and 





Se ee es 
* Note: If the movement is small it may be compensated 
for by allowing a good deal of slack in the aerial. 
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Tufnell Park; this was one of the earliest amateur 
stations, and though the type is now quite out of 
date a few constructional details ‘may provide hints 
to the amateur who wishes to erect a comparatively 
light and small aerial. Figs. 17 and 18 give a plan 
and elevation of the house at Hampstead, show- 
ing the main dimensions of the aerial. 

Distance: 12 miles. 

Nature of Intervening ground: Low hills, houses, 
railway and telegraph lines, trees, etc. 

Type of Aerral.—Rectangular network suspended 
almost horizontally, with aerial wire attached at 
centre and brought down front of house. 

Dimensions of network: 19 ft. by 7 ft. 

Average height of aerial above roof: 13 ft. 6 ins. 

Average height of aerial above ground: 50 ft. 8 ins. 

Nature of lower capacity-area: Iron railings let 
into dry concrete. 

Average height of top of ratlings above ground : 
5 ft. 8 ins. 

Effective distance between upper and lower capactty- 
aveas: About 48 ft. 

General Remarks.—Immediate surroundings of 
sending station were slightly rising ground with a 
row of willows in the direction of receiving 
station. An iron rain-water pipe ran up at 
a distance of about a yard from the leading in 
wire, and a narrow strip of lead lay between the roof- 
edge and the parapet. Immediate surroundings 
of receiving station at Tufnell Park were houses 
with ground ascending in the direction of Hampstead. 
The weather was hot and dry during most of the 
tests, 
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Description of Aerial.—The network N, Figs. 17 
and 18, was stretched between two #?-in. wooden 
rods notched circularly to receive the No. 12 copper 
used for the aerial. The three lengths of wire which 
ran longitudinally were about 20 ft. long, and their 





Fic. 18.—Plan showing Main Dimensions of Wireless 
Telegraph Station at Hampstead. 


ends encircled the rods and were returned and twisted 
upon themselves. 

The cross wires and diagonals were added while 
the longitudinal wires were kept.in tension and all 
joints and crossing points were twisted and soldered. 

The leading-in wire was attached at the central 
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crossing point, where the junction was secured by 
copper binding wire and soldered into a solid lump. 
A stiffening piece of bamboo was secured across the 
network. 

For very light aerials the arrangements shown in 
Figs. I9, 20, and 21 might prove useful. 

The tops of the bamboo poles from which the net- 
work was hung were provided with cubical caps of 
wood, in which holes were cut to receive them; the 
joint was secured by melted pitch and the poles and 
blocks were painted. A stout brass eye was screwed 
to the underside of the block, and through it was 
threaded the halyard for raising and lowering the 
aerial. 

The methods of fastening and staying the poles are 
indicated in the photographs. Fig. 19 shows 
bamboo-poles held behind an iron bar let into the 
angle of the chimney and wall. Holes were chipped 
in the concrete and the bar was let in with Portland 
cement. The roof at this place being lead-covered, 
a bed of cement was made to distribute the pressure. 

Higher up on the slope of the chimney-stack, a 
pair of screw-eyes was bedded in holes filled with 
cement, and the-pole was secured to these by ropes 
in the manner shown. 

With this double fastening, the pole required only 
one guy-rope, for which a staple-hook was cemented 
into the low concrete wall to the left of the chimney. 
No guy-ropes could be brought to bear directly upon 
the other pole. This difficulty was surmounted 
as shown in Figs. 20 and 21; two small bamboos 
were securely fastened by ropes as high up the pole 
as possible. Each bamboo was then passed under 
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a large cemented staple on a wall or parapet, and 
a deep notch was cut in the concrete behind the 
staple, so that the end of the bamboo could butt 
against the back of the notch; a channel was 
provided so that no water should collect in the 
notch. 





Two ropes were fastencd to the pole and attached, 
under considerable tension, to staple-hooks cemented 
into the wall or parapet behind the notch. Fig. 21 
shows these fixings. 

Thus the drag of the network was taken up by 
pressure along the bamboos, which were also held 
back against high winds by the ropes. The 

F 
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lower end of the pole, which was lashed to the 
parapet-ball, was bedded in cement provided witha 
channel as shown in the photograph. 

The insulated guys fastened to cach corner of 
the network would be unnecessary for most 
modern aerials. 





Fic. 20.—Method of Staying Pole by Struts and Tension 
Cords. 

The leading-in wire, which was composed of two 
strands of thick copper wire, passed down in a 
sloping direction to an insulating support tied across 
the ends of two wooden rods R R, projecting well out 
from,the parapet, and thence down the front of the 
house and in at a window W. The rods were secured 
to staple-hooks, 
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In Tigs. 17 and 18, P P are the poles, E is the 
supporting rod, I the railing used for carth-connec- 
tion, W the window of the apparatus-room, G the 
ground level, and C the railing-wall. 

Additional notes are here inserted for the sake of 





Fic. 21.—Aerial Framework. Method of Bedding the Struts. 


continuity, though they do not belong to the subject 
of aerials at present under consideration :— 

The aerial was directly charged, as in Fig. 8a. 

The spark gap was from 2 in. to 4 in. 

I"ig. 22 is reproduced from a photograph of the 
aerial, 
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The earth-connection was made at two or three 
points on a row of iron railings and a gate. These 
were raised on a fairly dry low concrete wall and 
were therefore more in the nature of a capacity-area 
than an “earth.” The railings used at the receiving 
station were less well insulated. 





Tic. 22.—Another View of Acrial Network. 


In the Hampstead installation an Apps coil was 
used capable of giving a very heavy 4 or 5 in. dis- 
charge when disconnected from the acrial. 

The best results were obtained with a mercury- 
break at a high speed, and a 24-volt sct of accumu- 
lators, but a higher voltage would have been advan- 
tageous. The receiver was a roughly made Lodge- 
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Muirhead wheel with a stmple potentiometer quickly 
put together. 

There seemed to be plenty of sensitiveness to spare, 
as experiments showed that reception could be 
carried on under conditions which were deliberately 
made very unfavourable. 

The amateur must remember that an acrial directly 
charged by a coil, as in this installation, would not 
now be permitted unless the power used were small. 
Fhe Government would force the operator to generate 
fecbler and morc persistent waves of fixed length by 
employing a coupling. 

lvarth-Connections.—It 1s essential that a thoroughly 
good buried carth-connection be employed, for even 
when the apparatus is only for receiving there is the 
possibility of danger from lightning. Water-pipes 
may prove very dangerous if used alone, but are a 
uscful supplement to a good buried “earth.” Gas- 
pipes are often insufficiently continuous from the 
electrical point of view. In ground which is always 
damp there is less need for care than in dry ground, 
for instance afew yards of bare copper lying in a pond, 
lake or dock would be quite adequate. In very dry 
weather the ground should be kept moist artificially. 

Four or five No. 12 bare copper wires 20 ft. 
or 30 ft. long buried a foot or so beneath the 
surface of the earth and running in the direction 
of the aerial will form an_ excellent “earth” 
but a large plate of metal 5 or 6 ft. square 
(or its equivalent in smaller sheets) may be used 
if the former arrangement is inconvenient. In this 
case 1t 1s well to solder zinc wires or strips to the 
plates and bring these.through the ground, so that 
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the earth-wire from the apparatus can be connected 
to them above ground. A copper-zinc junction 1s 
liable to corrosion, due to local action. 

The soldered joints may be coated with some 
such protective paint as “armorlac’’ or may be 
plentifully smeared with vaseline. It is considered 
by some a good rule to take advantage of all carth- 
connected bodies in the neighbourhood in addition 
to any artifically arranged “ earth.” 

Arrangements for Leading in.—The lecading-in 
wires Should be kept apart to within a foot or two of 
the operating room where they may be twisted together 
and soldered to one end of. a length of the heavily- 
insulated rubber-covered wire used for the high- 
tension circuits of motor-cars. This wire should 
be long enough to project two or three feet on both 
sides of the hole through which it passes ; it 
may be tied by string outside so as to slope down- 
wards and outwards for 4 or 5 ins. of its length 
to prevent rain-water from running in at the hole. 

NoTE :—The leading-in wire can often be brought 
in conveniently through a hole in a window-pane. 

APPARATUS FOR CHARGING AERIALS AND 
CONDENSERS. 

Experience suggests that a list of the more gener- 
ally used methods of charging the condenscr for 
transmission in small stations might be arranged 
in order of general excellence as follows :—(1) High 
frequency alternator or motor-generator with 20,000 
or 30,000 volt. transformer (frequency 100 to 150 
cycles) ; (2) Alternating supply-mains at frequencies 
up to 50 cycles with transformer ; (3) continuous- 
current lighting mains on high voltage accumulator 
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battery with spark-coil and high-speed turbine 
interrupter; (4) low voltage batteries with small 
spark-coils and dipper or trembler-interrupters; (5) 
continuous or alternating supply with small spark- 
coil, choking coil and electrolytic interrupter. 

Induction-Cotls—The reader must clearly under- 
stand, once and for all, that the most important re- 
quirements are a high group-frequency and a 
sufficient delivery of energy with each discharge to 
raise the aerial to the desired potential or voltage 
with regard to the earth. 

Amateurs constantly ask what length of spark will 
be required for signalling over a certain specified 
distance. Apart from the difficulty. of answering 
a question which involves so variable a range of 
circumstances the spark-length is only a very rough 
criterion of the operation which may be expected from 
a coil used for this purpose. The author found a 
certain 8-in. spark coil much inferior to another giving 
a 6-in. discharge, because though the voltage was 
higher, the quantity of electricity stored in the 
capacity was less in the one case than in the other; 
the 6-in. coil when disconnected gave a heavy 
‘“ bushy ” discharge. 

Such a discharge, in which the spark appears 
surrounded by a sheath of yellow flame is ideal for 
charging condensers, and there is no real need for a 
spark-length of more than 1 in. if the secordary 
resistance of the coil is sufficiently low. 

It has been explained already that a coil may be 
too large for a given capacity and this particularly 
applies to small laboratory-oscillators. The best 
results are obtained from the latter by using coils 
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giving comparatively feeble discharges,—a _ fact 
seldom realised by beginners. The author has 
obtained good signals all over a house with a $-in. 
spark-coil and a Hertzian oscillator the latter 
refusing to do the same work when charged by a 
4-in. spark-coil. The reason is that however finely the 
interrupter of the large coil is adjusted, the discharge 
is too heavy and causes arcing. Good results can be 
obtained from room to room with coils giving sparks 
only $-in. or }-in. in length. Small coils have the ad- 
vantage of providing a high group-frequency with ease. 

The type of coil used is not important with labor- 
atory-oscillators, but needs careful attention when 
large aerials are used, especially if there is an earth- 
connection, either good or bad. 

There are second-hand coils obtainable which 
have secondaries made up in two sections wound 
oppositely and carefully insulated from each other 
by an ebonite disc. The sections are slipped over 
the primary coil without any intervening insulation, 
and are put in series by a wire which connects their 
innermost layers together, and passes over the surface 
of the primary and under the edge of the insulating 
disc. The difference of potential between the outer- 
most layers of the two sections 1s thus double as much 
as that which exists between the outermost layer 
of either section and the core. 

It follows that if one secondary terminal be con- 
nected to an aerial and the other to earth, that 
section of the secondary which is connected to earth 
is short-circuited whenever the core or the primary 
coil, or anything in connection with them, is earthed. 
Thus the power of the coil is halved, everything in 
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connection with it is alive, and very unpleasant 
shocks result from touching contact-breaker, key, 
wires, or accumulators. The passage of the spark 
from the primary coil to the connecting wire 
between the two sections also chars the insulation. 

Old Cox coils were thus made, but now Messrs. Cox 
and Co. like all modern makers insert an ebonite tube 
between primary and secondary. Before investing in 
a secondhand coil, the reader is recommended to 
find out whether it is one of the old type or one 
properly insulated in this manner. Any spark-coil 
for radiotelegraphy should be well insulated every- 
where, apart from any deliberate earthing such as 
is mentioned below; it 1s quite probable that an 
old Cox coil would be satisfactory if it were not 
actually part of an earthed circuit. With a well 
insulated inductively-coupled arrangement, for in- 
stance, the chief disadvantage of such a coil would 
be the risk of shocks from the primary circuit, but 
with direct coupling there would be as much trouble 
as with a simple “earthed ” system. 

For amateur wireless installations small coils are 
now made which often have one terminal of the 
secondary connected to the primary, arid therefore 
virtually earthed. In direct-coupled transmitting 
apparatus this terminal must be connected to the 
earthed side of the capacity. | 

The secondary resistance should be low, and the 
primary should consist of three or four layers. 

If the coil 1s to be moved about, used on board 
a vessel, or subjected to atmospheric variations, it 
should be well built in all parts, and securely fixed 
in a strong box with a removable, well-fitting lid. 
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Some makers build the coils into wooden cases for 
rough field-work with X-rays or radio-telegraphy. 
Motor-car ignition-coils are very useful indeed: for 
most amateur working; Mr. E. C. Young recom- 
mends two or three of the same design with their 
secondaries and their primaries in scrics respectively, 
the latter being supplied by high voltage mains 
through an electrolytic interrupter. I¢xpcerimenters 
who wish to build their own coils must refer to some 
separate work on the subject. (See No. 11 of The 
Model Engineer Series — “Induction Coils for 
Amateurs. ’) 

Interrupters.—The Platinum-Break.—Coils are 
usually fitted with a platinum contact-breaker, and 
of these there are various types. With coils for 
charging laboratory-oscillators or small aerials the 
simple hammer-break usually fitted is ideal, but 
when larger capacities are used heavy currents 
must be made and broken with great rapidity 
and regularity and any of the older forms of platinum- 
break become expensive and tiresome, or even im- 
possible. 

The platinum contacts tend to stick and particles 
are torn off and carried across from one to the other, 
making projections and hollows which sometimes 
become locked or fused together; this pitting and 
roughening raises the contact-resistance, and the 
periodical filing necessitated by it soon causes 
serious loss of platinum. The renewal of contacts 
for large coils costs from Ios. to 30s. or more. 

Mercury Interrupters—Mercury interrupters are, 
broadly speaking, of two classes—one in which some 
sort of dipper is immersed in mercury and withdrawn 
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by a rotary or reciprocatory motion, and another 
in which one or more rotating jets of mercury alter- 
nately establish and rupture the circuit by impinging 
upon contact-pieces past which they are moved 
by means of a motor. 

It is unnecessary to give a detailed description of 
the various interrupters in use at the present time, 
but a brief comparison of the more important types 
may prove useful. Among the ‘‘dipper”’ forms of 
break are the following :— 

(1) A reciprocating copper dipper attached to an 
armature provided with a spring and kept in motion, 
elther by the variations of magnetism in the core of 
the coil itself, or by means of a separate magnet, 
battery and _ contact. 

Such interrupters are rarely suitable, because they 
do not provide adequate means for varying the 
rapidity of sparking, nor is it easy to construct 
them so that they begin vibrating instantly when 
the key is depressed. 

Apart from their simplicity, their chief advantage 
is that signalling can be accomplished with a key 
which only makes and breaks the small current used 
by the magnet. 

(2) Another form of dipper-break 1s one in which 
a reciprocatory motion is supplied by a motor-driven 
crank. Sometimes two dippers are connected to 
cranks 180 degs. apart, so that contact is made twice 
in a revolution. This halves the speed at which the 
motor must.run, diminishes the vibration, and ensures 
the maximum possible time of contact, together with 
the occurrence of the break at the moment when the 
dipper 1s moving most rapidly. The action is regular 
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and the speed 1s adjustable by means of a rheostat in 
series with the motor. A flat steel spring does away 
with the necessity for a connecting rod. 

(3) Ihe Mackenzie-Davidson interrupter consists 
of a motor-driven shaft with a quadrant or scythe- 
shaped blade of copper fixed at its end. The shaft 
is canted at an angle so that as it rotates the disc 
alternately dips into and leaves some mercury in a 
vessel and never emerges above the surface of a layer 
of paraffin oil or methylated spirit which covers the 
mercury. 

General Remarks about Dipper-Breaks-—The time 
of contact can be regulated in all dipper-breaks 
by raising or lowering the level of the mercury, 
which is generally covered with a liquid, as in 
the case of the Mackenzie-Davidson interrupter. 
The action of the liquid is to render the interruption 
sharp and sudden by quenching the arc which 
tends to form at the moment of break. All 
dipper-breaks in which lquids cover the mercury 
beat and churn it into minute globules, which in time 
form a thick grey mud with the covering liquid. This 
mud should not be allowed to accumulate too much 
in the break, but it contains a great deal of mercury 
and should not on any account be thrown away. 
The difficulty of regaining the mercury from paraffin 
oul has led to the use of methylated spirit. All that 
is then necessary 1s to put the mud into an evaporating 
dish or enamelled iron saucer and set fire to it out of 
doors. In a few minutes the whole of the spirit 
burns out and the globules run together. When the 
mass of mercury is cool it can be skimmed or strained 
through a cloth before returning it to the break. 
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The reader must observe catition in the use of 
spirit, as it will heat in a small containing vessel 
and give off dangerous inflammable vapour which 
is easily ignited by a spark at the brushes. Plenty 
of mercury and of spirit should be used, and the 
containing vessel should be an open one of iron, so 
arranged that it can easily be covered over and air 
excluded should it catch fire. The apparatus should 
also remain under the immediate observation of the 
operator while at work. 

Mercury-Jet Interrupters.— These interrupters, 
sometimes known as “ turbine ” breaks, are certainly 
the best for use with continuous-current supply-mains 
of comparatively high voltage, and can even be ob- 
tained with synchronous motors for use on alter- 
nating circuits. The chief objection to them is their 
cost, and they are not very easy for the average 
amateur to construct. 

A great improvement is the substitution of coal- 
gas for a liquid dielcctric ; this is equally cftective 
and no mud is produced. The containing vessel 
must, of course, be gas-tight, and the apparatus must 
never be set in action unless all the air has been 
expelled and the interrupter properly filled with gas. 

Messrs. H. W. Cox & Co., Ltd., of Gray’s Inn 
Road, London, supply a mercury-jet interrupter with 
a most ingenious arrangement, by means of which the 
time of contact can be regulated with ease and 
certainty without altering the group-frequency.* 

Choice of Interrupter.—l{ the supply-voltage is 
more than about 50 volts, ‘‘ turbine’ interrupters are 
advisable; they can be obtained for voltages up to 











* For further hints about mercury interrupters see appendix B. 
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200. The amateur whose available supply-voltage 
is anything above 8 or 10 volts (continuous) is advised 
to use some form of motor-driven mercury interrupter. 

The reader must not forget that any external wnter- 
vupter except of the electrolytic type, must be so connected 
as to occupy precisely the same electrical position as the 
platinum break , that 1s, 1n serves with the primary and 
shunted by the condenser. If no terminals are provided 
for making this connection, wires must be screwed to or 
otherwise properly connected with the contact-pillars 
of the platinum break. 

Electrolytic Interrupters.—The Wehnelt interrupter, 
which was the first of the electrolytic type invented, 
is unsuitable for radiotelegraphy, but it has been 
found possible in some cases to use the Caldwell- 
Swinton type on alternating as well as continuous 
supply circuits. Some amateurs have made the most 
important part of this interrupter from a test-tube, 
or a similar but somewhat thicker glass tube. A 
small spot on the rounded end, or even at the side, is 
heated until it is quite soft, and a hole is blown. 
Full accounts of these interrupters must be sought 
elsewhere. The electrolytic interrupter is connected 
in series with the coil, the supply mains and a 
variable controlling resistance or choking coil. The 
author has had but little experience of these inter- 
rupters but has heard that they are liable to give 
considerable trouble when the coil is connected to 
capacity as it is in radiotelegraphy. 

Small coils will work much better with choking 
coils than with resistances ; increasing the inductance 
or “ choke’”’ to less than the value necessary to 
make the apparatus work at all lowers the 
frequency of interruption. 
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No condenser is necessary, and therefore the 
platinum contact-breaker, if there is one, can be 
screwed up so as to short-circuit the condenser in 
the base of the coil. 

Induction-Cotwls as Alternate-Current Transformers. 
—Where an alternating current is available large 
induction-coils may be used with the primary con- 
nected to the supply-mains without the intervention 
of the interrupter. Even with large coils it 1s probable 
that variable choking coils or resistances will prove 
necessary to cut down and control the current, and 
unless a coil has been designed for use on the par- 
ticular circuit in question 1t should never be connected 
to the mains until the requirements have been ascer- 
tained by experiment. A step-down transformer is 
often used for reducing the terminal voltage. 

Tvansformers.—Oil-immersed step-up transformers 
are less expensive and in many ways more satisfactory 
induction-coils; they should have a_ secondary 
voltage of 20,000 or 30,000 and a secondary resist- 
ance of not more than 20,000 ohms. 

With transformers or induction-coils on alternating 
circuits, each half-wave of current charges the aerial 
or condenser in the opposite direction to that preced- 
ing it, but it is generally found that several discharges 
occur during each half-wave and therefore the group- 
frequency is liable to be higher than the frequency of 
supply. For the effect of a rotatory gap upon the 
group-frequency, see page I2.. 

Danger.—The reader must remember that the 
secondary current from transformers and induction- 
coils supplied from mains is exceedingly dangerous 
and may even prove fatal. He must make an absolute 
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rule of keeping his hands away from anything 
connected with the secondary circuit, unless he is 
certain that the current is off. It is also important 
that there should be no loose and untidy wires, and 
that the signalling keys and switches should be well 
insulated. For danger from lightning, see p. 74. 


SOURCES OF ENERGY. 


The source of energy is seldom a matter of ‘free 
choice as it depends upon the availability and nature 
of commercial supply-mains, or upon the space and 
money at command for engine, dynamo, motor- 
generator, accumulators, etc. 

It has been suggested that amateurs should allow 
4 kilowatt for every 20 miles across heavily-wooded 
or densely-populated land, and for every 30 miles 
of open country. 

Supply-Mains.—Mention has already been made 
of mercury and electrolytic interrupters which can 
be used with ordinary mains. Also see below. 

Primary Batterres—These are tolerable for small 
oscillators charged by coils giving sparks up to I1n., 
but for larger coils batteries become expensive, 
unwieldy and troublesome to keep in order, and 
cause endless mess and waste of time. The cells 
may be of the Bunsen, bichromate or E-dison-Lalande 
types; but taking all things, including cost, into 
account, probably the bichromate is most suitable. 
The reader must refer to other books for details of 
various primary batteries, and his own judgment 
must guide him in his choice of cell. (See No. 19 of 
The Model Engineer Series, “‘ Electric Batteries.’’) 

Accumulators.—Unless supply mains and a mercury- 
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interrupter are available the best continuous-current 
source of supply for induction-coils is undoubtedly a 
storage-battery, for the voltage of a single accumu- 
lator-cell is higher than that of any known practical 
primary cell, the internal resistarce is very low, and 
for a given bulk the capacity in ampere-hours is far 
greater than that of any primary cell. The capital 
outlay may be considerable, but good accumulators 
can be obtained at a reasonable price, and they 
generally work out cheaper than primary cells in 
the end, especially if the owner is able to charge them 
himself. 

A stationary battery can often be used with 
satisfaction after a prolonged charging by a dynamo 
Which 1s too small to supply the necessary power 
directly. 

Portable accumulators can generally be charged 
at a neighbouring garage, but the portable type 
should be avoided if possible. Accumulators for 
giving any but very small currents should have plenty 
of free space for liquid between the plates ; sand and 
similar materials for making the cells non-spillable are 
unsatisfactory. The voltage of the battery depends 
on the size and type of the coil and interrupter. Large 
coils, with platinum breaks, usually work at about 
12 volts, but with mercury-interrupters the voltage 
inay be as much as 200. This does not mean that 
the difference is wasted in the interrupter; the 
explanation is as follows :— 

A definite and appreciable amount of time is 
required for the building up of the magnetic field in 
the core of the coil, because during the whole time of 
is formation it 1s causing in the primary coil 
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self-inducted electromotive forces which oppose the 
applied E.M.F., and retard the growth of the primary 
current. It is obvious, therefore, that increasing 
the applied electromotive force shortens the period 
of growth so that the required saturation of the core 
is obtained more rapidly. 

In other words, the higher the speed at which the 
interrupter is run, the higher must be the applied 
voltage necessary to saturate the core to the required 
degree in the short time during which it is applied. 
Thus, if a 10-in. spark coil run from a 12-volt set of 
accumulators with a mercury-interrupter were: just 
able to give the full 10-in. spark with the motor 
running at Io revolutions per second, an increase 
of speed would lessen the spark-length until—at 30 
revolutions per second—it might be reduced to 
2 or 3ins. If the speed were kept up to 30, and the 
voltage gradually raised, the spark-length would rise 
to its full value, but the rapidity of sparking would be 
three times as great. 

For radiotelegraphy a very rapid torrent of sparks 
is required, and for this reason the supply-voltage 
must be sufficient to permit a high rate of interrup- 
tion. Results may be obtained at low speeds, but 
the difficulties of working are increased, and the 
experimenter is advised to run at as high a speed 
as possible (within reasonable limits). 

For comparatively short-distance working coils 
of -in. or I-in. spark-length may be installed, and 
considerable rapidity can be attained with these at 
comparatively low voltages. Such small coils may 
also be used very effectively with ordinary platinum 
trembler-interrupters. As to the ampere-hour 
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capacity required for an accumulator-battery, this 
will depend entirely upon the current taken by the 
coil, and must be left to the decision of the individual, 
who should consider the average current-strength, 
the longest period during which he intends to signal 
at one time, his charging facilities and the amount of 
money he is prepared to spend upon the battery. 
(For further information on the use of storage cells 
see No. 1 of The Model Engineer Series, ‘ Small 
Accumulators.’’). 

Sources of Alternating Current.---Where alternat- 
ing supply-mains are not available a small alternator 
and gas or oil-engine may be installed, but means must 
be provided for exciting the field-winding with con- 
tinuous current. 

A half-kilowatt machine is large enough for most 
ainatcur installations ; the frequency should be above 
50 cycles per second, if possible, and may with great 
advantage be as high as 150 or 200. 

If a direct-current supply only 1s available a motor 
coupled to an alternator or a self-contained machine 
answering the same purpose may be used. Such 
converters cost from {14 to £20, or even more, 
according to output and nature of supply. 

Sometimes there is room between the bearing and 
the end of the armature of a continuous-current 
dynamo or motor for the mounting of a couple of slip- 
rings connected to opposite points of the armature- 
winding, or opposite bars of the commutator. Alter- 
nating currents can be drawn from these slip-rings 
and the frequency will be equal to the speed in revol- 
utions per second multiplied by the number of pairs of 
poles. The voltage will be 0°707 times that between 
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the continuous-current terminals. With such an 
arrangement, a very high speed is necessary in 
order to obtain a reasonable frequency. 

The Spark-Gap.—Most induction-coils have some 
sort of adjustable spark-gap, such as a pair of brass 
balls or a point and disc; if a rotary gap is not used 
these may form the oscillatory gap, as it is then only 
necessary to connect the secondary terminals of the 
coil to the condensers to be charged. 

Those who find the noise distressing may enclose 
the spark-gap in a thick glass tube of several inches 
diameter having wooden plugs through which the 
rods can slide easily. Pieces of lime put in the tube 
will absorb the nitrous fumes resulting from the action 
of the sparks on the air. The lime must be renewed 
at intervals. 

For powerful installations the whole sparking 
arrangement may be enclosed in a lead-lined box 
having an iron tray for the lime. 

As the ultra-violet light from the spark may be 
dangerous to the eyes, the gap should be suitably 
screened. 

Polishing of Sparking Surfaces.—The spark-balls 
of small laboratory-oscillators must be kept highly 
polished ; the charge stored by such radiators is very 
small, and any roughness facilitates the passage of 
preliminary brush and silent discharges which fritter 
away much of the energy before the actual spark 
takes place. In order that the discharge may be 
oscillatory it must be sudden, and previous partial 
disruption of the gap makes this impossible. 

When the capacity is greater more energy is stored 
than in small oscillators, and the polishing is quite 
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unnecessary ; any preliminary discharge depletes 
the capacity so little that its effect is negligible. 

Arcing and tts Prevention.—When alternating or 
very rapidly pulsating currents are employed for 
charging capacities, the first spark which occurs 
aiter the current is switched on is oscillatory, but it 
often happens that the column of hot gas which 
constitutes the spark 1s not dispersed before the next 
discharge takes place ;. the result is that the current 
can pass easily through the spark-track, the resist- 
ance of which is only a few ohms. It 1s, therefore 
impossible for the voltage between the sparking 
surfaces to rise to any considerable value. Moreover, 
the spark-track provides what is practically a short 
circuit across the terminals of the charging trans- 
former or spark-cotl. Successive discharges maintain 
the track at a high tempcrature and it degencratcs 
from a disruptive and oscillatory spark to a quiet, 
hot and non-oscillatory are. Not only does this re- 
duce the efficiency of the transmitting apparatus to 
a very low value, but 1t may cause serious heating 
in the secondary winding. The trouble is greatly 
enhanced if the capacity of the aerial or condenser is 
small compared with the output of the transformer. 

Mr. Maurice Child finds that arcing is considerably 
lessened if the discharge takes place between a point 
and a small cup-shaped electrode ; possibly there is 
some blowing-out effect due to the explosive heating 
of the air in the more or less confined space; the 
spark travels round the inside of the cup. 

The best method of preventing arcing is to use some 
sort of rotating metallic wheel provided with{studs 
or teeth which move past two sparking electrodes ; 
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these approach nearly to the teeth, so that a double 
spark is produced when cach of the clectrodes forms 
one terminal of the appliance. The clectrodes must 
be so arranged that projections on the wheel approach 
both of them simultaneously. 

Though the revolving teeth bring with them puffs 
of air which help to blow out the arc the destruction of 
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Fic. 23.—fRotary Spark Gap. 


the Jatter is chiefly due to the fact that it is dragged 
out by the rapid separation of the sparking surfaces. 

Another very great advantage is that a very high 
and regular group-frequency is obtained so that the 
sparks produce a musical note which is far more 
satisfactory: to the operators in receiving stations. 
The author experimented with a device of this type 
to prevent arcing in Tesla experiments several years 
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ago; a synchronous motor was used, so that the 
spark should take place at the crest of the wave. 
It was afterwards introduced commercially by the 
British Radio-Company, who used non-synchronous 
revolving teeth set round a drum of small diameter. 
The limited number of teeth made it necessary to 
use a very high speed of rotation, and to avoid this 
the author designed and used the arrangement 
shown in the photograph, Fig. 23. Rotary gaps of 
very similar design have since come into general use. 
They are particularly valuable where alternating 
currents or very high speed turbine-breaks are used. 

In the last named case it is highly advantageous 
to arrange the number of projections and the speed 
in such a manner as to obtain synchronism, so that 
interruption always takes place at the moment when 
the projections are opposite the spark-electrodes. 

This condition can be secured easily by mounting 
the rotating part of the device on the shaft of the 
interrupter, so that they revolve together. The best 
method of making this arrangement must be left to 
the reader’s ingenuity. 

The photograph shows the aluminium wheel 
with its projections, and a rack and pinion adyjust- 
ment for varying the spark-length. The large round 
disc in front is an ebonite handle for turning the 
pinion. This adjustment is only necessary in cer- 
tain high-frequency experiments for which the 
apparatus was made; for radiotelegraphy the elec- 
trodes may be fixed or made adjustable in 
some simpler way, and generally they need only 
clear the projections on the wheel With fixed elec- 
trodes the projections may be radial, a difference 
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which will further simplify the construction. <A 
very cheap high-speed motor may be used so 
long as it is sufficiently well made to last. More 
detailed descriptions will presently be given in the 
articles by the author in The Model Engineer.* 

Signalling Keys.—Any simple press-key with stout 
platinum contacts serves as a signalling key if the 
power is quite small, but for heavy currents the 
contacts must be massive. In some large stations 
the contacts are provided with a magnetic blow-out 
to prevent arcing. 

A cheap heavy-current signalling key -for a 
moderate current of low voltage can be made 
as follows:—-[Two mercury-cups are placed side 
by side in a_ baseboard; a two-prong copper 
dipper is attached to a broad strip of springy 
brass, and arranged so that it bridges’ the 
cups when depressed. The tips of the prongs as 
well as the copper wires leading from the cups to 
the terminals of the key are amalgamated. A round- 
headed screw passes loosely through a hole in the 
brass strip, and is screwed into the baseboard ; the 
strip presses up against the under side of the screw- 
head, which thus forms an uppcr stop. An cbonite 
knob is fastened to the brass strip. (Sec Fig. 24.) 

The cups should be deep enough to prevent splash- 
ing and may advantageously be lined with copper or 
steel tubing. 

A very good key for power of more than about 
kilowatt can be made from any well designed key 
{ the ordinary type in the following way :—The 


2 
4 
O 





* The wheel must be mounted on a boss which insulates it 
from the shaft. 
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contacts are removed and in place of the top contact 
on the under side of the rocking arm a nickel rod 
about 14+ or 14 ins. long is fixed, so that it projects 
vertically downwards. <A hole is cut in the base 
beneath the rod, and a nickel or nickel-plated copper 
cup is sunk in the hole so that on depressing the key 
the rod makes contact with a short stud projecting 
upwards from the bottom of the cup. The cup, 
which should be of ample diameter, is filled with 
engine-oil to such a depth that contact is broken at 
least 4 in. below the surface. 

Of course, platinum contacts would be much better 
than plain nickel. 

Means should be provided for adjusting the range 





tg. 24.--Simple Signalling Key for Heavy Currents. 


of motion and the cup should be easily removable 
for cleaning. 

Current may be conveyed to the rocking arm by a 
short length of stout flexible wire. 

Power-Circuits.—Various additions to the trans- 
mitting arrangements may be made; in some Cases, 
for instance, a switch is useful, and a fuse is almost 
always a valuable safeguard, especially where accumu- 
lators or lighting mains are used.. 

A variable resistance of suitable design is sometimes 
necessary, but its place is better taken by a choking 
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coil when alternating currents are used. An ampere- 
meter and even a voltmeter, if of suitable design, are 
luxuries which greatly add to the interest and value 
of experiments ; the moving-iron type will be good 
enough if designed for use with alternating or inter- 
mittent currents. 

Motor-starters, field-regulators, and numerous 
appliances which are only required for installations 
working under particular conditions, cannot be dis- 
cussed here. 


COUPLED TRANSMITTING CIRCUITS. 


In Fig. 25, G is the spark gap, with wires leading 
towards the charging apparatus on the right, C is 
some capacity capable of standing high voltages, P is 
the primary and §$ is the secondary of a loose-coupled 
transformer, and E is the earth-wire. 

Transmitting Condenscrs.—The capacity depends 
largely upon the power and nature of the apparatus 
which charges the condenser. With very small 
spark-coils it may be as low as 0:0005 of a microfarad, 
but the more usual value is from 0°006 to 0:008, Any 
number n, of equal condensers connected in parallel 
will have a total capacity nC, where C is the capacity 
of one condenser ; if ~ equal condensers are connected 


in series the total capacity is —-. 
n 


The average capacity of an ordinary ‘‘ quart ”’ size 
Leyden jar is about 0'0014 mf., a figure which it is 
useful to know, as manufacturers of ordinary Leyden 
jars express the capacity in quarts ; such an absurd 
measurement is like expressing the extensive force 
of a coiled spring in terms of its volume. Shall we 
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say to the maker of a spring balance: “ How strong 
is the spring ?”’ and have him reply: ‘“ Two cubic 
inches.” 

If the capacity is made up of several jars it can 
be varied easily, but a more practical capacity is 
a multiple-plate condenser made up of five or six 
sound sheets of }-in. “ French plate,” glass about 
10 xX 8 ins. selected free from air-bubbles. If coated 
on both sides with tinfoil leaving a margin of bare 
glass I in. wide the capacity of cach plate is about 





Fic. 25.—Inductively-coupled Transmitting Circuit. 


0'0009 mf. Every 144 sq. ins. of such glass has a 
capacity of about 0°002 mf. 

It is not easy to decide how many plates to use for 
a given installation, as coils, transformers, inter- 
rupters, and sources of supply in their various combin- 
ations present widely different conditions. 

The following table, filled in for the author by 
Mr. Child, claims only to give a very rough idea of 
the capacities in microfarads suitable for use with 
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spark coils of various sizes and differing sources of 
supply. It is assumed that the coils are wound with 


Capacity in Microfarads. 




















Spark-Length. Platinum . Mercury A.C. | A.C 
Interrupter. Interrupter. nv 50. | eo, 100. 
1” 0:0005 | 0-001 O-OI ! 0-005 i 
4” | coor | 0:002 O 02 0:01 7 
a a | —= 
1”—2” | O:0015 | 0-002 0:03 | O:O15 
_ eee ee ee 
4”°—12” | 0-025 | 0-05 | 0:05 i 0:025 


Many amateurs make very successful condensers 
from old photographic negatives; the emulsion is 
easily removed by caustic soda or ordinary washing 
soda dissolved in very hot water. 

Paste and gum are inadmissible as mountants 
for the tinfoil, as neither air nor moisture must be 
allowed to remain between the foil and the glass. 
The glass should receive a uniform coat of shellac 
varnish, which, when thoroughly dry, is followed by 
a second coat; when the surface has become tacky 
a long strip of tinfoil, two or three inches wide, is laid 
on each face and pressed into the closest possible 
contact with the surface ; the strips, which serve as 
connecting lugs, should extend over the glass so 
far that when the sheets of tinfoil are in place they 
will overlap at least 3 or 41ins. The lugs must project 
beyond the glass as far apart as possible to prevent 
sparking over the edge. 

The larger sheets are laid on with the aid of a 
roller-squeegee, commencing at one corner and gradu- 
ally letting the sheet down so that no “ bubbles ”’ 
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of air are imprisoned. The details of mounting the 
plates and making connection from the lugs to the 
terminals must be left to the reader’s ingenuity but 
one or two suggestions may prove useful. 

Separate terminals may be provided for each 
condenser or one lug of each may go to a common 
terminal, the free lugs being connected to separate 
terminals. 

The latter may be mounted on the (preferably 
ebonite) lid of the containing box, connections being 
made on the under side by zig-zagged strips of thin 
copper or brass. The plates may be bound together in 
a block with strong tape, separating pieces of hard wood 
being used to space them. Unless the power used is 
small the box should be of glass, glazed earthenware, 
or metal-lined teak to hold transformer-oil, in which 
the plates are completely immersed. If metal is 
used ample clearance must be allowed all round the 
plates and a wooden tray should separate them from 
the bottom. 

Secondary Transmitting Inductance.—The secondary 
coil 5, Fig. 25, is wound on a stout wooden frame of 
12 ins. side or on a circular support -of about 15 ins. 
diameter ; the frame of a sieve is useful. 

A very serviceable inductance consists. of about 
28 yards of 7/18 lighting cable, which will provide 
about 21 turns. This is divided into nine sections ; 
the first four sets of five turns are tapped out at every 
fifth turn to a plug-socket, the remaining six turns 
being tapped out separately. Plugs attached to 
thick stranded flexible cables can then be inserted 
in any two sockets, so as to provide any number of 
turns up to 20. 
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An additional inductance-coil of a few turns of 
compo. pipe with a movable clip should be added in 
the secondary circuit for fine adjustment. 

If the provision of so widely variable an inductance 
is not thought desirable the natural wave-length of 
the aerial should be calculated from formule given 
on page 72, and the amount of additional induct- 
ance necessary to increase the wave-length by about 
25 per cent. should be found. 

An inductance rather larger than the value so 
arrived at should be wound on the frame, tappings 
being taken off for varying the turns betwcen limits 
somewhat above and somewhat below the calculated 
value. If the inductance increases the wave-length 
by much more than 25 per cent., it tends to pre- 
ponderate too much over the capacity of the system. 

The transformer primary. P may be of ¢-in. 
compo. pipe with turns spaced I in. apart on a 
square frame of about I5 ins. wide. 

The number of turns must be such that in conjunc- 
tion with the capacity C they cause oscillations 
which are in tune with the aerial and secondary S. 
It has been shown that the wave length A = 
59°64/ C L in metres or 5960 +/ C L in cms, 


It follows that if C is known, L the inductance in 
2'°8 dM? 
108 C 


Having found the inductance required, the coil 
necessary to provide it can be roughly estimated as 
follows : 

L (absolute) = 1k X 17: where /istotallength in 
cms. of the wire or tubing forming the coil, and k 


absolute units = 
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is a constant varying from 1°5 to 3 according to the 
closeness of winding. 

For coils of a few turns spaced an inch apart 
between the centres of cross-section of the turns £ is 
about I°5. 

If Zisin inches L = Jk X 43 

Hence with a winding of this description 

i cms. = 0°039 L; 
/ inches = 0°'0155 L. 

In order that the coupling may be adjustable the 
secondary may be made to slide sideways over the 
primary, as in the receiving instrument, or to move 
axially so that the distance between the two coils is 
variable. 

The connections of oscillatory transmitting circuits 
should be of heavily insulated, thick, finely stranded 
copper, and should be as short as possible. 

A four-volt Osram lamp L, 1s connected across three 
or four feet of the wire leading to earth ; the coupling 
and the number of secondary turns are so adjusted 
that the lamp glows at its maximum brightness and 
is considerably affected by an alteration of only one 
turn in the secondary. 

It is most important that the best coupling be 
obtained by careful trial and neglect of this point will 
result in bad tuning and loss of efficiency. 


CHAPTER IV. 


RECEIVING APPARATUS : 


COMPARISON OF RECEIVERS. 


NEARLY all modern receiving apparatus is provided 
with detectors which do not permit the use of in- 
dicators giving visible movements. A_ receiver 
which will do this, making it possible to ring bells 
or to operate various apparatus, is always likely to 
appeal to a large section of amateurs and is far more 
satisfactory for demonstrations, etc. Accordingly 
I have retained an abbreviated account of the Lodge- 
Muirhead receiver ; it is by far the most reliable and 
satisfactory among receivers of this type. The 
coherer cannot deteriorate, whereas filings-tubes 
vary in the most troublesome ways. 

In the course of Mr. Child’s valuable series of 
articles in The Model Engineer, entitled ‘“ Small 
Power Wireless Installations,’ he gives from personal 
experience a most interesting table, in which various 
detectors are compared with regard to their sensitive- 
ness and reliability, and the effect of the transmitter 
upon them. This last is very serious in some cases, 
as the powerful oscillations close at hand not only 
lower the sensitiveness, but may entirely destroy the 
adjustment. 


| 


t 
{ 


~ Wheel-Coherer slightly im- 
paired 
- Marconi Magne- | Insensitive - | Perfect - | Unaffected 
tic Detector 
Zincite and | Sensitive - | Good - | Adjustment 
Copper Pyrites gradually des- 
or Bornite troyed but 
easily renewed 
Silicon Crystal | Very sensitive | Very bad - | Adjustment 
quickly __des- 
i troyed. 
Carborundum Sensitive ; Very good | Very slightly 
Crystal affected. 
Lasts for 
months 
Electrolytic Sensitive - | Very good | Gradually 
__-Detector destroyed 
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The table only gives a rough indication, as different 
specimens of the various crystals vary very con- 


siderably 
Among the most important detectors dealt with 


in the table are the following : 


Lodge-Muirhead | Very sensitive | Fairly good | Adjustment 


Detector. Sensitiveness. Reliability. outer a 





























CRYSTAL DETECTORS. 

When suitable conductors are brought into contact 
with pieces of certain minerals, so that the contact 
forms part of a feebly oscillatory circuit, it is 
found that the combination has most remarkable 
“rectifying powers. True rectification reverses 
one half of an alternation and substitutes two uni- 


directional impulses for one complete alternating 
H 
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cycle. Crystal detectors (called rectifiers) only stop 
off or choke back the impulses which occur in one 
direction. 

The result of this is that a series of unidirectional 
impulses passes through the contact, and these 
add up their effects and can be made evident by a 
telephone. Such detectors are so sensitive, simple 
and reliable, that in many systems they have practic- 
ally displaced others. It ts possible to construct 
apparatus which will record the messages received 
in this way, but at present the only feasible indicator 
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Fig. 26.—Crystal Detector. 


for the amateur is the telephone. The signals are 
heard as a buzz or musical note broken up into long 
and short groups according to whether a dot or dash 
s being received. 

Zincite and Bornite Detectors.—One of the best 
combinations of materials is zincite and _ bornite. 
The best zincite is generally of a brownish colour 
with some redder parts which are apt to prove 
the most satisfactory places for making contact, 
but each piece should be tried in several places until 
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the best result is obtained. Temporary connection 
may be made to the crystals by pressing them into 
lumps of tinfoil; when the best surface has been 
found they may be inserted in small copper or 
brass cups full of melted metal, so that there is 
thoroughly good connection when the metal solidifies. 
The cups may be about + in. or 3 in. in diameter and 
the crystals may project § in. or more, a point of 
bornite being arranged to make contact on a flat 
surface of zincite. The metal may be solder, but 
some more easily fusible material such as Woods 
metal is better ; a mere trace of Fluxite may be used 
to improve the contact. The crystals may be 
clamped in the cups by screws, but bornite is very 
brittle. 

The cups are mounted to allow a variable pressure, 
one cup being fixed to a vertical pillar and the other 
to a stiff spring, the pressure of which can be 
regulated by means of a setscrew. In the simple 
device shown in Fig. 26, it does not matter which 
material is rigid and which is mounted on the spring. 
A better arrangement is to mount two or three cups 
on a base so that the top crystal can be brought to 
bear at any point upon any one of the bottom set of 
crystals, contact being made by means of an adjust- 
able vertical rod. 

When the detector becomes insensitive through 
the surface of a crystal getting “ fatigued,” the 
Jatter may be scraped. Carbon bisulphide is some- 
times used to treat the surface instead of scraping it. 

The Molybdemte-Detector.—A good detector can be 
made by mounting two circular brass discs about 
* in. in diameter, so that they can be brought together 
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at considerable pressure by means of a screw; one 
of the discs is roughened into slightly projecting 
points by slanting blows with the corner of a sharp 
chisel. On this 1s laid a disc of mica with four or five 
small holes about } in. diameter punched through it. 
Above the mica 1s a disc of molybdenite about ;/;in. 
thick, and above this again the smooth brass disc. 

When pressure is increased sufficiently the soft 
molybdenite is forced into the holes in the mica and 
makes contact with the disc beneath. This detector 
is exceedingly hardy and strong and will stand rough 
treatment. Molybdenite is a soft material which 
flakes fairly easily and somewhat resembles mica. 

Silicon and Galena  Detectors—A_ crystal of 
silicon or galena may be clamped in a small holder or 
fixed in a cup with Woods metal as described above. 

The sensitive contact 1s produced by a springy piece 
of No. 22 copper or brass wire, fitted with a gold 
point, which presses very lightly upon the crystal. 

The Carborundum-Detector.—A small crystal of 
carborundum of clear deep blue colour is selected ; 
the grey or variegated specimens are seldom of 
much use and the experimenter is advised to buy 
tested specimens. 

The crystal is clamped between carbon clectrodes 
arranged in much the same way as the cups of the 
detector in Fig. 26. A very simple potential-divider 
is required, and if the crystal 1s a good one only a 
small fraction of the voltage from a single dry cell 
should suffice.* 

The potential-divider may be made by winding 
a wooden rod, about 14 ins. in diameter and 8 ins. 


~— 


* Potential dividers are often wrongly called “potentiometers. ’’ 
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long, closely with No. 28 silk-covered Eureka wire. 
The rod is mounted horizontally on a wooden base 
and after varnishing and drying, the insulation 1s 
rubbed off from end to end with fine sand-paper so 
as to bare a strip about $ in. wide. 

A sliding contact runs along the bared portion and 
must make good connection at all positions. 

Terminals are provided at both ends of the resist- 
ance and one cell 1s connected thereto. 

The tappings to the detector are taken from one 
end and from a third terminal connected to the 
slider. The writer has heard that a hard “ lead ”’ 
pencil forms a good potential divider if split longi- 
tudinally so as to lay bare the graphite, upon which a 
sliding contact 1s arranged to press. The circuit 
for the carborundum-detector is shown on page 133. 


THE ELECTROLYTIC DETECTOR. 

This detector consists of an exceedingly small 
area of fine platinum wire projecting from the tip of 
a glass tube into which it 1s sealed, and dipping into 
a cup containing an electrolyte. 

It appears that a small critical potential-difference 
causes a protective but very unstable film of gas 
to form on the platinum and that a very small 
oscillatory surge in the circuit momentarily modifies 
the resistance or back electromotive force, causing 
a transitory change of current which is made audible 
as a Click if the circuit includes a telephone. A 
group of sparks produces a buzzing or singing sound 
according to the group-frequency. 

Construction of the “ Electrolytic”? Detector.—A 
platinum wire about 1 mil. diameter is pushed through 
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the fine hole in a piece of small-bore glass tubing 
about 1§ in. long drawn out nearly to a point. 

The tip is then sealed by heating and broken off 
so as to leave a minute area of platinum exposed 
outside. 

A few drops of mercury are poured into the tube 
and connection with the platinum is established by 
pushing a stout amalgamated copper wire down 
into the mercury. The copper wire may be used 
instead of a switch for breaking the circuit during 
transmission or when not working. 

The containing vessel js constructed as follows :—a 
hole about # in. diameter 1s made in a small block 
of ebonite and a cheese-headed brass screw previously 
tinned is fixed in the bottom with its head inside 
the cup and its shank projecting outwards. The 
hole is then filled with melted solder, the temperature 
being as low as possible to avoid burning the ebonite ; 
When cold it is drilled or turned out again to a 
diameter somewhat smaller than the original, the 
result being a solder-lined ebonite box. The brass 
screw-head must not be exposed in resinking the 
hole. 

The externally projecting shank can be fitted with 
a nut for the purpose of making conncction to the cup. 

The cup is filled with 15 per cent. sulphuric acid 
solution and the platinum tip is dipped therein. 
The potential divider may be similar to that described 
on page 160, etc., but of higher total resistance—say 
2,000 ohms. An improvement is to make two 
circles of studs, the second having a total resistance 
equal to that which exists between two adjacent 
studs of the first. A pencil potentiometer might be 
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used, as outlined above. The platinum must be 
connected so that it is positive and the cup negative, 
The circuit for this detector is given on page 133. 

The adjustment is made by varying the potential- 
difference until a hissing sound is heard and then 
reducing it until the hissing just ceases. Excessive 
current may damage this detector. 


HIGH-RESISTANCE TELEPHONES. 


For use with crystal and electrolytic detectors, 
a pair of telephones with very many turns of fine 





Fic. 27.—Diagram showing arrangement of Magnetic 
Detector. 


wire is generally used, and though amateurs have 
worked successfully with ordinary telephones rewound 
at home it is far better toobtain from a_ first-class 
naker a really good pair, having a total resistance of 
at least 1,000 ohms and preferably 2,000. 

A framework on the operator's head holds the 
telephones against the ears, but it is not essential 
to use two instruments. 

A fairly good pair can be obtained for about 
{2 tos. or £3. Telephones for these purposes are 
delicate instruments and must not be treated roughly 
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or used close to powerful varying magnetic fields, 
such as may exist near an induction-coil, nor 
should the connecting wires leading to them be 
allowed to get near any of the high-voltage circuits 
of the transmitter. The diaphragms should be 
removed as. little as possible, but if this cannot be 
avoided the poles should always be bridged by a sinall 
piece of soft iron. 


THE MAGNETIC DETECTOR. 


The tuning circuits of the magnetic detector differ 
in some respects from those associated with the other 
detectors detailed in this book. The differences are 
due to the fact that the magnetic detector is current- 
operated, whereas electrolytic, coherer and rectifying 
crystal devices are either actually responsive to a 
rise in voltage, or else their resistance is such that a 
comparatively high voltage is necessary to drive 
through them the minute current which actuates the 
current-indicator. The absolute reliability of the 
magnetic detector makes it a very valuable addition 
to any station, and its use would be far more general 
were it not for its lack of sensitiveness as compared 
with other commonly-used detectors ; it works best 
with long aerials. In cases where sensitiveness 1s 
not of very great importance, the magnetic detector 
can be used with a very simple “stand-by” circuit, 
but if selectivity 1s required proper tuning arrange- 
ments are necessary. 

In Fig. 27, B, an endless band made up of several 
soft-iron wires twisted together passes round two 
grooved discs AA, one of these being kept in slow 
rotation by clockwork while the other runs free. The 
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band also passes thrdugh two concentric coils C, and 
D; C,.generally called the primary, is connected to 
the receiving apparatus ; and D, the secondary, to a 
pair of telephones. Near to the coils is a pair of 
parallel-sided horseshoe-magnets, EE. 

The action of the apparatus may be explained as 
follows :— 

Imagine the band stationary and the magnets so 
placed as to magnetise that portion of it which lies 
within the coils. If now the band could be so treated 
as to fix unalterably the state of magnetisation already 
established, the moving clockwork would carry round 
the magnetised portion continuously. 

The opposite extreme is to suppose that we can 
eliminate entirely the retentivity of the band so that 
any induced magnetism is temporary and vanishes 
when the cause is removed. 

The magnetisation of the band will then depend 
upon the distance, arrangement and strength of the 
inagnets, Ik, and will remain fixed in degree and 
position whether the band 1s moving or not. 

The harder the iron (or steel) is the more nearly it 
approaches to the first of these conditions, and the 
softer it is the less does it retain magnetism. In 
actual working there is a small retentivity and the 
induced polarity shifts slightly in the direction of 
motion. If the movement of the band is continuous 
the displacement of the induced polarity will be prac- 
tically constant and will be considerable with hard 
steel and very slight with soft iron. 

Now while the band is in motion Ict the induced 
inagnetisin therein be first suddenly annulled and then 
instantly allowed to re-form under the influence of the 
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magnets; this will be equivalent to shifting the dis- 
placed polarity instantaneously back into its normal 
position, and the moving magnetic flux will cut the 
turns of the coil D, in the same way as the flux from 
a small bar-magnet lying within the coil would do 
if the magnet were moved longitudinally. 

The elimination of the induced flux is brought about 
by the oscillatory currents which the receiving appara- 
tus supplies to the coil C, and the effect may be best 
explained after describing a simple experiment. 
Let a small piece of magnetised steel be brought near 
to the poles of an alternating electromagnet and 
then gradually moved away to a distance; it will 
be found that the needle is completely demagnetised ; 
in fact, this is a good method of demagnetising a 
watch if it is not put in a field so strong as to damage 
it. The reason for.this effect 1s that when the steel 
is placed in an alternating magnetic field stronger 
than the residual field produced by the original 
magnetisation, its magnetism is rapidly and regularly 
reversed, the successive magnetisation due to suc- 
cessive maxima being equal and opposite. On gradu- 
ally moving the steel away, however, each maximum 
of flux not only destroys its opposite predecessor, but 
is slightly less in amount, and eventually the forces 
become so small that the magnctism is eliminated. 

It is clear that if the magnetised object were placed 
near the poles of the altcrnating magnet, the exciting 
current of the latter being gradually reduced to 
zero, the action would be the same. 

The moving band of iron in the magnetic receiver 
is subjected to exactly similar conditions, for the high- 
frequency alternating currents from the receiving 
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circuit have a decreasing amplitude which eventually 
becomes zero. 

Each spark at the sending station momentarily 
reduces the residual magnetism and causes the field to 
shift by an amount depending upon the strength of 
the signal. The changes of field are made evident by 
sounds which depend upon the group-frequency, 
as in the case of previously described detectors. 

Generally speaking, soft iron retains far more 
magnetism than steel, but only under certain con- 
ditions; on the other hand, the smaller amount 
which remains in steel, especially when it is hardened, 
is held with much greater force and under less limited 
conditions. 

Experiment shows that soft iron wire is best for 
making the endless band of the magnetic detector. 

Details of Construciton.—Mr. Child recommends 
the following dimensions and methods of construction. 
The clockwork mechanism (noiseless) is mounted 
in a box, so that the main spindle projects through a 
hole in the lid. The spindle should make three or 
four revolutions per minute and the power must be 
sufficient to keep the band going at a constant speed. 

Clockwork to maintain such motion for long periods 
may cost 10s. or more, but it is the only expensive 
part of the detector. 

The discs, A A, may be of ebonite or hardwood 
turned to 4 ins. diameter and 4 in. thickness, with a 
deep V-shaped groove round the edge. 

They must run perfectly true and the distance 
between the centres of the spindles must be adjust- 
able. For this purpose the spindle of the free discs 
has its bearing mounted on a piece of brass arranged 
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to slide freely between two guides and provided with 
a clamping device to hold it when the right tension 
is obtained in the band. 

The primary coil, C, is wound on a small thin glass 
tube about 2 ins. long and } in. bore, and consists of 
3 ft. of No. 36 $.W.G. double silk-covered copper 
Wire wound in a single layer. 

Outside this is the secondary D, of about 100 yards 
of No. 40 S.W.G. double silk-covered wire, wound on 
a narrow bobbin which may be made to slide fairly 
easily over C, being secured to it in the middle by a 
little hard wax. 

The band, B, is made from about 300 yards of 
No. 40 S.W.G. double silk-covered iron wire. 

After fixing the adjustable disc in a medium posi- 
tion, the length necessary for the finished band is 
determined by passing a stout string round the two 
pulleys and cutting it so that the two ends just meet. 

Two t-in. nails, separated by the length of the 
string, plus } in. more, are driven into a board. ound 
the two nails are wound 120 complete turns of the 
Iron wire, so that 240 strands lie side by side, and 
melted vaseline is then fed on to it so as to saturate it. 
This protects the iron from rust and helps to keep the 
strands together. Once nail is then carefully removed 
and used as a handle to twist the band up; this forms 
a neat, small flexible rope, which ts threaded through 
the primary tube, the ends being sewn together with 
iron wire. 

After putting the band in place round the discs, the 
tension 1s adjusted so that the band is straight, but 
not so tight as to retard the clockwork. 

The detector is completed by securing the coils in 
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such a position that the band slides through with ease, 
and mounting two magnets, E E, somewhat in the 
manner indicated in the diagram; the position of 
these must be easily adjustable. 

The magnets have parallel arms about 3 ins. long, 
and may be made from j in. square steel rod. It 
will probably pay to have them made by recognised 
manufacturers. 

Adjustment and Use of Magnetic Detector.—The 
secondary coil is connected to ‘a pair of telephones in 
series, the total resistance being from 140 to 160 ohms, 
and the magncts are adjusted until a very slight hiss 
is heard in the telephones. If all is well a distinct 
click should be audible when the band 1s tapped just 
where it is entering the primary. (Mechanical shock 
is a common method of demagnetising iron.) 

Circuits for magnetic detectors are shown on 
pages 131 and 132. 


TUNED RECEIVING CIRCUIT FOR CRYSTAL-DETECTOR 
WITHOUT POTENTIAL-IDIVIDER. 


Direct-coupled Receiving Circuits —Many amateurs 
use a direct coupling for receiving and numbers of 
double slide tuning coils are sold for this purpose. 
The tuning obtained with such arrangements is not 
sharp, and the author thinks that all amateurs who 
wish to do interesting work with their apparatus will 
be amply paid for any extra trouble by the greatly 
increased precision and selectivity obtainable with 
a loose inductive coupling scientifically adjusted. 

Loose-Coupled Syntonic Recewing Crrcuit.—Figs. 
28 and 29 show the connections for a very serviceable 
syntonic Joose-coupled receiver for picking up the 
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messages of most commercial stations, an achieve- 
ment which affords great pleasure and interest to 
those who have no opportunities for combining 
sending and receiving stations. For the _ best 
working, the apparatus demands the use of two 
variable condensers, though much can be done with 
only one if the secondary inductance is modified. 
A is the aerial; I. is a tuning inductance which is 





Fic. 28.—Syntonic Receiving Circuit arranged for very long 
Waves. 

only necessary for extra long waves, such as those from 
Poldhu ; P is the primary of a receiving oscillation- 
transformer and for ordinary wave-Iengths forms the 
aerial-inductance; C, and C, are variable air-conden- 
sers, connected as described later ; 5S the secondary of 
the transformer ; Da crystal detector ; C, a “ block- 
ing ’’ condenser ; T a telephone (or a pair) and E the 
earth-wire. The arrow through P and S indicates 
a variable coupling between them. 

The coil P has 50 turns of No. 18 S.W.G. double 
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cotton-covered copper wire wound closely on an 
insulating drum about 8 or g ins. in diameter. 
Excellent drums can be made out of cooking sieves 
from which the wire bottoms have been removed ; 
when enamelled black their humble origin is not 
apparent 

Across the top of the drum is fixed a bar of ebonite 
carrying two terminals and four brass sockets, into 
which a split tapered plug can be inserted; one 
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Fic. 29.—Syntonic Receiving Circuit arranged for very long 
Waves. 


terminal is connected by a flexible wire to this plug, 
the other to one end of the winding. Tappings are 
taken off at three points which divide the winding into 
four equal sections. The tapping wires are connected 
to three of the sockets, the fourth forming the other 
termination of the winding. This arrangement 
provides means of varying the number of turns in P, 
and is shown diagrammatically in Fig. 30. 

The coil can be mounted on three legs of strip 
brass so arranged that a slightly smaller drum, 
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carrying the secondary winding S, can be slid under, 
thus affording simple means of varying the coupling. 

The secondary coil S is similarly made, but has 
no supports. The wire is No. 18 if the condenser 
C; is used, otherwise it should be of No. 22 with 
four or five tappings provided. The arrangement 
of the two coils is indicated in Fig. 31. 

Keturning to Figs. 28 and 29,C, is a variable air- 
condenser of about 0°004 mf. maximum capacity. 
The best condensers cost about £5, but Gamage & Co. 





Fic. 30.—Tapping from 
Transformer Primary. EOIO;OIO 





Kia. 31.—Oscillation Transformer 
with Variable Coupling. 
supply remarkably good ones at 50/-; those who 
would make one may consult articles which have 
appeared in The Model Engineer. 

A very simple variable condenser can be made 
from two pieces of ebonite tubing about 8 ins. long ; 
one is about 3 ins. diameter and‘ the other 1s just 
so much larger internally that it will slide over the 
smaller when this has been covered with tinfoil. 

Both are very carefully coated with tinfoil on the 
outside to within a short distance of the ends, the 
adhesive being shellac varnish used as previously 
described. They are mounted either horizontally or 
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vertically upon a base with convenient arrangements 
for varying the extent to which the outer tube covers 
the inner one. 

Both coatings are provided with suitable terminals 
and a wooden plug carrying a | andle 1s fitted into 
the sliding tube, which is most conveniently the 
smaller one. A pointer and scale will prove useful. 
This condenser is slightly less efficient than the 
ordinary air-condenser ; neither form can be used 
in transmitting circuits. 

C, 1s a “‘ blocking ’’ condenser made up of about 
20 pieces of butter-paper soaked in paraffin wax and 
cut to about 3 X 2 ins., interleaved with 18 pieces of 
tinfoil 2 xX I in., projecting at alternate sides and 
connected in the usual manner. 

This condenser allows the high-frequency currents 
to pass practically unimpeded ; otherwise they would 
be completely choked by the inductance of the 
telephone T. Any unidirectional currents due to 
the action of the crystal must pass through the 
telephones, but are blocked by the condenser. 

D is the detector and C, is a second variable con- 
denser which need not have more than about 
0003 mf. maximum capacity ; 1t may be inserted to 
obtain finer tuning if the amateur is prepared to afford 
the duplication. In any case it is of great assistance 
when receiving wave-length of over 600 metres. 
The adjustment of the different variables in these 
circuits will be arrived at best by practice and trial. 

The coupling varies according to the purity of the 
oscillation at the sending station, and should gener- 
ally be sufficient with the coil S projecting only 
two or three inches under P. If a great range of 
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wave-lengths is to be received, the extra inductance 
L is required. This has 60 turns of No. 18 S.W.G. 
cotton-covered wire wound ona Io-in. diameter wooden 
frame, and may have two or three plug-sockets 
for tapping different numbers of turns. A double- 
pole change-over switch should be provided, so that 
the condenser C, can be connected between P and 
earth for the smaller wave-lengths, or across the 
terminals of P for longer waves. 

For very long waves, when L is made use of, the 
condenser is connected as shown in the diagram, 
Fig. 29. 

For waves up to 600 metres only one or two sections 
of the winding will be needed, but the number must 
be increased according to the wave-length to be 
received. 

Tuning and Adjustment.—For “tuning in” a 
given station it is generally sufficient to make the 
coupling as tight as possible, and to adjust the 
primary circuit until the desired signal is heard 
loudly. The secondary circuit should then _ be 
tuned as closely as possible and the coupling loosened 
until the best effect, combined with the sharpest 
tuning, ‘is obtained. Proper adjustment should 
make the apparatus extremely sensitive to the 
slightest change in the inductance or capacity of 
the circuits. 

Circuits for Magnetic Detector.—As the magnetic 
detector is a current-operated device, the winding of 
the transformer should be such that if the coupling 
were close there would be a step-down of voltage 
and a step-up of current. 

In all probability the loose couplings generally 
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used preclude the possibility of a step-up, either of 
voltage or of current ; it is, therefore, more accurate 
to say that the windings should be such as to give a 
comparatively strong secondary current. For this 
reason the secondary winding of the transformer 
described on page 128, might advantageously be of 
wire even a little larger than No. 18 S.W.G.; it 
should be sub-divided by three or four tapping points. 





Fic. 32.—Selective Circuit for Magnetic Detector. 


The aerial inductance or primary and the variable 
condenser may be as described. 

In Fig. 32, P is the primary and S is the secondary 
of a loose-coupled transformer, made as indicated 
above: C, and C, are variable condensers and M is 
the “‘ primary ” of the magnetic detector. 

Fig. 33 shows alternative methods of connecting 
the magnetic detector in “stand-by” or “ simple 
resonance’ positions with only a variable induct- 
ance and a variable condenser, but the arrangements 
are less selective. In some circuimstances it is even 
fairly satisfactory to work with no condenser and only 
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an adjustable inductance between the aerial and the 
detector-coil. The dotted portion indicates that in 
one of the methods of connection the condenser is 
removed from the full-line position and connected 
in parallel with the tuning inductance. 

Circuits for Detectors used with Potential Dividers.— 
When detectors involve the use of potential dividers 
slight modifications of the receiving circuit are 





Fic. 33.—Stand-by Circuit for Magnetic Detector. 


necessary to prevent the secondary coil of the re- 
ceiving transformer from short circuiting the potential- 
divider. 

These modifications are shown in Fig. 34 the 
lettering being the same as in the other figures. 

Testing-Buzzers.—An important feature of all good 
receiving sets is a buzzer—a very small electric bell 
with the hammer-arm and gong removed and the 
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contact arranged to vibrate with rapidity and 
regularity. It is actuated by one or two cells con- 
nected to it through a press key or bell-push, and a 
foot or two of vertically supported copper wire is 
attached to some point in direct connection with 
one end of its windings ; in some cases the other end 
of the winding is earth-connected, but this is gener- 
ally unnecessary. When the circuit is closed the 
buzzer generates very feeble waves, which, however, 
are near enough to the receiver to affect it strongly. 

Thus the receiver can be adjusted very con- 
veniently by the operator before he attempts to 
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I'ic, 34.—Circuit for Detector Requiring a Potential Divider. 


receive the acrial signals; the adjustments are less 
easy to make by the incoming waves from the aerial, 
for these may or may not be arriving, and are at any 
rate not coming at known intervals. 

The state of sensitiveness can also be estimated 
at any time because if the little “ aerial ”’ on the buzzer 
is made of such length that it is only able to cause 
feeble response any loss of sensitiveness in the 
detector will become evident through the failure 
of the buzzer to affect it. 

Failure can often be localised in the tuning ap- 
paratus because the buzzer, which gives only poorly 
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syntonic impulses, proves the detector and telephones 
to be in good order. 

The mechanical sound of the buzzer should be 
reduced as far as possible by enclosing it in a felt- 
lined box or cushioning the vibratory armature with 
a tuft of cotton-wool. 


ARRANGEMENTS FOR CHANGING OVER FROM 
TRANSMISSION TO RECEPTION. 


When dealing with the receiving apparatus, we must 
remember that up to a certain point it is identical 
with that used for transmission ; in fact, if it be 
desired to transmit as well as to reccive at one station 
the same aerial and lower capacity-area or earth 
are used, and all that is necessary is to provide 
suitable switching arrangements for protecting the 
receiving apparatus from the violent local disturb- 
ances which would damage it during transmission. 

The receiver must be disconnected during trans- 
mission and preferably the apparatus should be 
arranged so as to render accidental neglect of this 
precaution impossible. 

A highly-insulated double-pole switch with widely 
separated contacts should be used for disconnecting 
the aerial and earth from the receiving apparatus. 

Ordinary commercial double-pole switches will 
serve admirably if mounted on cbonite or even on 
good hardwood in place of the slate. 

One way of securing good insulation when the 
switch is mounted on slate is to saw out a piece of 
the base*about I in. wide between the two pairs" of 
contacts, drilling holes in the portions which are left 
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so that they can be screwed down on a good base of 
wood at the right distance apart. 

In the diagram, Fig. 35, the slate base A is shown 
mounted on the wooden base B, with a piece of slate 
cut out at P. The wires CC go to the receiving 
apparatus and the aerial and earth-wire are con- 
nected to D and E as shown. Between D and the 
transmitting inductances F and G is a small point- 
to-point gap, H, known as the ‘“ Anchor ’’ spark-gap. 
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Fic. 35.—Arrangements for changing over from Transmission 
to Reception. 


This may be 54 in. long, and while it effectively dis- 
connects the sWitch from the transmitting apparatus 
when receiving it is easily bridged by a spark when it 
is desired to transmit, and is so short that for high 
voltages it may be looked upon practically as a direct 
connection between D and H. 

Clearly some device is necessary to prevent the 
accidental operation of the transmitter while the 
switch is on for reception. Mr. Child recommends 
a special switch of the type shown in the diagram, 
but provided with a separate pair of contacts which 
form part of the primary circuit of the induction- 
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coil or transformer, and are raised on a high insulating 
support above the base. A separate knife or block 
is fixed in the middle of the insulating cross-bar K 
and establishes connection between the extra contacts 
only when the switch blades are separated some 
considerable distance from the normal or “on” 
position. The extra contacts are indicated in a 
purely diagrammatic way at L L. 

Such an arrangement is not very easy for the 
average amateur to construct.* 

Possibly the reader’s ingenuity will enable him to 





Fic. 36.—Interlocking Device for Switches. 


arrange levers or links by which the motion of the 
switch brings a separate main-circuit switch into 
operation ; this should be easy when the primary 
power is small, but the switch should in all cases 
Le of such design as would ordinarily be thought 
adequate for the voltage and power used. 

Another possibility is to have a separately operated 
primary switch and a simple mechanism, such as a 
sliding rod, which makes it impossible to close both 
switches at once. 

Thus in Fig. 36 a wooden bar, A, with a vertical 


* NoTE :—Excellent switches are supplied by Messrs. 
Cossor & Co., of Clerkenwell Road. 


RECEIVING APPARATUS. 137 


handle, B, is shown arranged to slide between two 
guides, C C. 

It will be seen that the bar can be so placed that 
when it projects under either of the switch-blades, 
it renders that switch inoperative; it is also clear 
that both the switches cannot be closed at the same 
time. DD are two wooden stops. 

Some amateurs use an ordinary well-insulated 
double-pole change-over switch with the middle 
contacts connected to the aerial and earth, and the 
other pairs to the transmitting and receiving circuits 
respectively. With this arrangement the switch 
for the primary power-circuit is still a necessity. 

All detectors, except hardy instruments like the 
‘magnetic,’ should be short-circuited or isolated 
from all circuits during transmission. 

For properly isolating or short-circuiting the 
detector, special switches may be provided, cither 
separate or to work automatically with those already 
described. Ifa potential-divider 1s used the detector 
must not be short-circuited until the supply-current 
to the divider has been cut off; this involves yet 
another switching operation, but where small currents 
are concerned it is easy to arrange a rotating drum 
or disc with sevcral contacts on it which successively 
close or open the circuits as the handle of the switch 
is turned. 

On the whole it is best to leave the detector isolated, 
with nothing more than an inch or so of wire con- 
nected to either of its terminals. A short circuit 
sometimes affords facilities for magneto-electric 
induction effects. 


¢ 
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LODGE-MUIRHEAD APPARATUS. 


Though the apparatus appears somewhat complli- 
cated in some of the drawings and photographs, 
there is nothing which presents great difficulty and 
with trifling exceptions the whole of the turning was 
done with a hand-rest lathe which had a loose bearing 
and an untrue self-centring chuck. 

The coherer consists of a small steel wheel with a 
sharp edge which grazes the rounded top of a column 
of mercury. The wheel and mercury are covered 
with a slight film of oil sufficient to insulate them 
from each other if the potential difference between 
them is below a certain initial value. A potential- 
divider gives the necessary adjustment of the voltage 
between wheel and mercury, and the film is not broken 
down until this steady voltage is aided by the extra 
impulse in the receiver. 

The breakdown, when it occurs, is fairly complete, 
and a current flows from the potential-divider through 
the coherer and some suitable indicating apparatus. 
The wheel is kept in slow rotation by clockwork, 
and when the extra impulses induced in the acrial 
cease, the film of oil is again dragged in, and insulation 
is re-established. 

The Lodge-Muirhead current-detector 1s the siphon 
recorder—a _ moving-coil instrument or modified 
d’Arsonval galvanometer provided with a fine bent 
siphon-tube of glass arranged to record the motion 
of the coil on a strip of paper by means of coloured 
ink. The clockwork which draws the tape through 
the instrument also drives the coherer-disc, to which 
it is geared by toothed wheels of ebonite. 
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The apparatus described below 1s in modified forms 
for the use of amateurs. 

Receiver used in the Hampstead and Tufnell Park 
Installation.—Fig. 37 shows the Lodge-Muirhead 
coherer reduced to its simplest possible form, as it 
was used in the Tufnell Park installation already 
partly described. 

The photograph serves to show what simple 





Fic. 37.—Simple Wheel Coherer, used 17 ‘miles from 
Transmitter. 


methods of construction are possible. Iwo uprights 
of brass soldered to a base carry adjustable pivot- 
sockets at their upper ends, and a sharp-edged steel 
wheel, turned out of a short length of rod in one piece 
with its shaft, is pivoted at both ends and runs in 
the said sockets. 
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The mercury-container is of ebonite drilled longi- 
tudinally to a depth of about I in. and slightly cupped 
round the mouth of the hole. Connection is made 
to the mercury by an amalgamated spiral of platinum 
wire which projects into the mercury and is con- 
nected to a terminal outside the container. Contact 
is made with the wheel by a copper brush pressing 
upon its shaft. 

The ebonite screw seen in front enters a threaded 
hole communicating with the container, and can be 
screwed in and out so as to alter the level of the 
mercury. The potential-divider used was made from 
a length of high-resistance wire connected ta a single 
accumulator-cell and provided with a sliding contact ; 
the current detector was an ordinary telephone. 
When a telephone is thus employed a very serious 
difficulty is met with; for, though there is no diff- 
culty in getting signals, those which come are often 
unintelligible, even to one practised in reading the 
Morse Code. 

There are now excellent detectors for use with 
telephones, and as the wheel-coherer works perfectly 
with other current indicators, and is the best detector 
known for giving visible movements, an explanation 
of the difficulty 1s not necessary. 


A LopGE-MUIRHEAD RECEIVER. 


Ihe Coherer.—In Fig. 38, a and 6 are the elevation 
and plan respectively of the cohcrer, the construction 
of which is as follows :—A is a piece of ebonite, 
1g ins. by 14 ins. by 13 in., in which a slot B, 33 in, 
wide, has been cut vertically downward in the centre 
to about $ in. from the bottom. A piece of ebonite, 
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CC, 1} ins. by }4 in. by # in., fits across the top of 
A, bridging the slot. CC is secured to A by the 
screws D D. A }-in. hole is drilled vertically through 
the centre of C C, and a }-in. brass spindle E passes 
through the hole and is provided with an ebonite 
head G; this is held by the setscrew H, which drives 
on to a slight flat filed on the spindle FE, and is sunk 
so that the top of the screwhead 1s flush with the out- 
side of G. The portion of E which projects below 
C Cis threaded, and a small collar F 1s screwed tightly 
at the top of the thread, so that by adjusting the 
position of G on E the spindle can be made to turn 
easily, but without freedom of vertical motion. 

At the bottom of the slot a brass plate I, drilled 
zz in. in the centre and fastened by a screw, serves 
as a bottom bearing for the spindle, the end of which 
is turned to run in the hole. 

The holder J, into which the mercury cup K 
screws, is Shown separately in sectional side elevation 
in (c) (actual size). It consists of an ebonite block 
with an enlarged portion projecting outwards in front 
of A (a), and a slightly narrower portion L (c), fitting 
into the slot B (a), so as to slide vertically without 
side-shake. The portion L (c) is fitted with a bush 
B, which is screwed into it and drilled and tapped 
through the centre to take the threaded spindle It (a). 
Thus, on rotating the head G (a), the projecting 
block J can be raised or lowered. 

A hole C (c) 1s drilled vertically through J, and 
tapped 2 in. Whitworth. ‘This hole must be exactly 
under the edge of the wheel O (a), so that the dimen- 
sions of J must depend upon the position of the 
Wheel if the wheel 1s fitted first, and vice versa. 
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The hole is enlarged underneath leaving only 
a few turns of thread for the screwing in of the 
mercury-holder K. This saves time in removing 
K for cleaning, and enables it to be unscrewed and 
taken out without jamming it against the wheel. 
For the same reason a portion D (c), P in (a) and (6) at 
the front of the upper edge of the hole C 1s cut away 
to enable the cup K to be tilted forward and taken 
out with greater ease. Ihe photographs make 
these points clear. 

The mercury-cup K is shown in part section 
(actual size) in Fig. 38 (e). The enlarged part is $ in. 
diameter and about ./, in. deep ; it isslhightly concave 
at the top, and the upper outside edge is bevelled. 

Beneath this part there is a length of about ,°. in., 
which is turned down to % in. and threaded to fit 
the 3-1in. tapped hole C in the holder J. 

The remaining portion, 3 in. in length, is turned 
to a diameter of + in. A }-in. hole to fori the con- 
tainer 1s drilled centrally through from end to end, 
and 1s slightly enlarged at the bottom and tapped 
to °, in. to take the knurled ebonite stopper A which 
carries the platinum spiral seen in the centre of the 
containing tube. 

The stopper A, shown twice the actual size and 
in half-section in Fig. 38 (/), is about 4 in. diameter, 
shouldered down to ,, in. and threaded to fit into 
the bottom of the container. It is drilled and tapped 
to within ,', in. of the upper end to take a short 
length of threaded brass B, to the upper end of which 
a length of platinum wire (such as is ordinarily used 
for chemical work) has been soldered. 

A fine hole is drilled in the top of A, and the 
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platinum wire is thrust through it from beneath, 
B being screwed home tightly so that the terminal 
head C, shown in (e), shall have no chance of shifting 
it. The platinum wire is neatly coiled in a fine and 
rather close spiral C, and the fine hole through which 
the platinum projects is carefully stopped and 
covered over with hot shellac. 

This arrangement prevents the mercury from 
touching anything but platinum, ebonite, and shellac. 

The platinum spiral must be small enough to pass 
up into the container without touching the sides. 
Fig. 38 (e) shows a small terminal head C which 
screws on to B for making connection to the mercury 
column. 

A plug of ebonite screws from outside into the con- 
tainer-tube for the purpose of raising and lowering 
the level as described elsewhere. 

M in Fig. 38 (a) is a small brass plate screwed to 
the front face of C C, and provided with a boss which 
projects backwards into a recess drilled for it in C. 

The plate and boss [shown separately in plan and 
elevation in Fig. 38 (d) | are drilled centrally to take 
the spindle N (b), on which the wheel runs; the plate 
is drilled to pass the two screws which hold it to C (a) 
and (b). A very small setscrew holds the spindle 
firmly in the boss. 

The spindle N is made of a short length of rather 
small knitting-needle, threaded at the tip and _ pro- 
vided with a tightly-fitting knurled nut RK (0) at the 
end. 

Over the spindle slides the sleeve Q, which carries 
the wheel O (a) and (bd). It is slightly tapered to- 
wards the front, and is long enough for a pulley of 
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ebonite to be driven on to it; the pulley is not shown 
in the drawings, but appears in the photographs. 
The sleeve Q should fit so as to turn on the spindle 
without the slightest shake and with the least pos- 
sible friction, and the nut R must be adjusted with 
the same end in view. 

The wheel O, about +’, in. diaineter, is turned out 
of file-steel and ground to a _ perfectly true and 
smooth edge, and is forced on to Q. The edge must 
finally be worked up with great care and most 
ainateurs will do best to get the sleeve and wheel 
turned by a good watchmaker, who will also fit the 
nut R and the small setscrew shown in (d). 

The edge must be sharp (though not quite razor- 
sharp), true, smooth, and not wired ; in getting this 
result a very hard and sharp graver should be followed 
by fine Turkey stone and then by a piece of good 
leather with a little razor-sharpening paste on it. 
Good results may be obtained with a wheel which is 
far from perfect, but the truer the wheel the better 
the work. 

The block T of ebonite is held by a screw passing 
through C from the back, and carries a split brush 
of very thin springy copper which presses lightly 
but firinly on the sleeve OQ. 

The pressure can be regulated by varying the angle 
of the block T. The brush is held to T by a small 
screw and washer. U is a short length of brass rod 
held to C by a screw and filed at the end to semi- 
circular section ; a small tongue of brass is held by 
a screw on to the flat so formed. The tip of the brass 
tongue is bent so as to nip a scrap of soft wash- 
leather, or felt, which it holds in light contact with 
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the edge of the wheel. The method of nipping the 
leather is shown at W. The object of this very 
important detail is to keep the wheel clean. 

Terminals may be provided at the back, as shown, 
though the head C (e) is sufficient for making con- 
nection with the mercury. 

The small base-piece V is screwed to the bottom 
of A and is cut away in the centre at the back for 
reasons which will appear later. 

Suggested Improvements on the above Design.— 
The block J could be made to slide between a pair of 
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Fic. 39.—Alternative Arrangement of Wheel Coherer. 
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vertical projecting strips fixed a short distance apart 
on the front of A. If a springy piece of metal were 
then fastened to the back of the holder J in such 
a way as to bridge across the back of the slot B 
and hold J in firm contact with the front of A, there 
would be no necessity for fitting L accurately into 
the slot B, and the whole construction would be 
considerably easier. Again, the housing of the 
mercury-container could be greatly improved by 
doing away with the screw and arranging for the 
container to be pushed in from the front and held 
by a spring-clip. 
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A rough sectional sketch embodying both these 
improvements is shown in Fig. 39, the parts being 
lettered as in Fig. 38. 

Driving Arrangements——The pulley (shown only 
in the photographs) is of ebonite and is forced on to 
the slightly tapered sleeve OQ. 

The diameter of the groove for the driving thread 
depends upon the speed and size of the pulley from 





Fic. 40.—Coherer in Pieces, showing Wheel and Pulley, 
Mercury Container and I:bonite Stopper with Platinum 
Spiral. 


which it is driven; the reader is therefore recom- 
inended to use a pulley with three grooves of different 
diameters on the driving wheel and a one-groove 
pulley on the coherer-wheel. 

None of the grooves should be much less than 
1 in. in diameter, and in turning them the tool may 
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be held loosely so as to chatter, or the groove may be 
roughened with the point of a file. 

The speed of the wheel can be varied within fairly 
wide limits without much alteration in the working, 
but is generally about one-half revolution per second. 

The photographs, Figs. 40 and 41, show the details 





Fic. 41.—Lodge-Muirhcad Wheel Coherer. 


of the finished coherer. In Fig. 40 the wheel, the 
mercury-container, and the stopper carrying the 
platinum spiral are shown separately, 

The Clockwork.—The ambitious amateur who uses 
a siphon-recorder may gear his coherer directly to 
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one of its wheels by pulleys, or ebonite gear-wheels. 
The latter may also be fitted to other clockwork, 
but under no circumstances must metal gear-wheels 
be used, as the capacity effect of the clockwork in 
direct connection with the coherer greatly reduces 
its sensitiveness. The clockwork motor can _ be 
obtained for ros. 6d. from the clock-department of 
Messrs. Smith & Sons, Clerkenwell. “Though origin- 
ally intended for rotating show-stands 1n shop windows 
it is admirably suited to the present purpose, as it runs 
for three or four hours with one winding. The slow- 
speed shaft (provided for turning stands) 1s removed, 
and the wings of the high-speed fly Are cut away 
to a length of about ? in. to increase the speed of the 
clockwork. The ebonite driving pulley is held 
friction-tight on to the last spur-wheel and some 
simple arrangement 1s fitted for starting and stopping 
the motor. 

Current-Indicators.—The next step is to provide 
current-indicating apparatus, which will show the 
long and short signals received by the coherer. This 
must move sharply over a small range, and must be 
“dead beat ’’—that 1s, it must move over the short 
distance of travel and come to rest without either 
swinging or rebounding. The sensitiveness must 
be sufficient to give easily readable indications. 

The Moving-coil Indtcator—When a_ uni-direc- 
tional current passes round a coil which 1s suspended 
in a magnetic field,it tends to turn the coil so as to 
enclose the greatest possible amount of magnetism ; 
that is, to a position in which its own magnetic field 
coincides with that in which it is immersed. An 
ordinary d Arsonval galvanometer consists of a coil 
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placed between the poles of a powerful permanent 
magnet and suspended by a pair of fine metallic 
strips which lead in the current and also tend to hold 
the coil in the right position. The movements are 
observed by means of a poimter or mirror. If 
the coil be mounted between pivots, and provided 
with hair-springs which control its motion and lead 
the current to it, and if arrangements be made for 
its movements to take place in a uniform field, its 
angular displacement is proportional to the current 
flowing through it: a pointer attached to it so as 
to move over a properly divided scale will, there- 
fore, indicate the value of the current with great 
accuracy. Such an instrument is excellent for 
reading very small currents, and if sufficiently 
sensitive can be used in conjunction with a Lodge- 
Muirhead coherer for wireless telegraphy, the long or 
short movements of the pointer giving sufficient 
indications of the dot-and-dash signals sent by the 
transmitter. 

For this purpose the author has used a Johnson 
and Phillips’ moving-coil milliamperemeter with great 
success ; the pointer, which was at zero when no 
Waves were being generated, moved across the scale 
over 4 or 5 ins. when the transmitter was at work. 

Better results were obtained, however, by reversing 
the connections so that the needle deflected back- 
wards against the stop which limited its motion. 
The author will now describe the moving coil indicator 
which was eventually made and used with his appar- 
atus. Fig. 42 is the plan, and Fig. 43 1s the front 
elevation, and shows nothing behind the dotted line, 
A, Fig. 42, except the screws B. Fig. 44 is a side 





Fic. 42.—Plan of Moving L 
Coil Indicator (full size). 
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elevation showing a few details which could not be 
inserted in Figs. 42 and 43 without confusion ; portions 
shown clearly in the other figures are here omitted. 
C is a permanent horse-shoe magnet supplied with 
the aluminium former D by the instrument depart- 
ment of Messrs. Johnson & Phillips, of Charlton, 
Kent, at a cost of seven shillings. The amateur is 
not advised to attempt the construction of the 
magnet or to buy one of inferior quality. 

The former should be obtained with the magnet, as 
it is impossible to make one which so well combines 
lightness, continuity, and convenience. 

When the former moves in the magnetic field the 
currents induced in it damp its motion effectively. 

The aluminium former is not very strong, and must 
be handled with care or it will get bent out of shape. 

The next step is to provide the former with top 
and bottom pivots, which must be central and well 
aligned. Very small brass plates are riveted to the 
inner side of the former, and these are drilled and 
tapped with central holes into which the steel pivots 
are screwed—the bottom one being finely pointed and 
hardened, and the top one left unpointed. One of 
these plates is shown at EI, Fig. 43 

The top pivot, or rather spindle, which is_ left 
at least § in. long, is made parallel for about ,', in, 
distance from the former, and then tapers away very 
slightly. If there is likely to be difficulty in 
fitting the pivots accurately and delicately, the work 
must be done by a good watchmaker, who will also 
make the pivot-socket G—a }-in. Whitworth screw 
conically socketed and hardened. 

After a single coat of shellac varnish has been 
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applied and allowed to dry, the former is wound as 
follows :—A rectangular wooden block on to which 
the former is fitted 1s mounted between two uprights, 
so that it can be turned by means of a handle of 
bent brass rod passing through bearings sufficiently 





Fic. 43.—Front Elevation of Moving Coil Indicator (full size). 
friction-tight to prevent the coil from unwinding 
when the handle is released. 

The former may be very gently wedged on the 
supporting block with thick paper. 

The end of the wire (No. 40 silk-covered) 1s secured 
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to the wooden block by wax, and is then hitched 
over the turned-up edge of the former, a scrap of 
silk being inserted under it at this point for protection 
It is then very carefully wound in a smooth layer, 
the turns being now and then pushed up together 
to avoid waste of space. 

When the winding comes to within } in. of the 
pivots, small pieces of silk are laid on the former 
and bent up in such a way as to allow turns to be 
slightly heaped round the pivots on both sides without 
the risk of short-circuiting. The heaping must be 
carefully managed with each layer so as to get the 
turns on as evenly as possible. 

When the first layer is finished the wire is attached 
to the block with wax and a second coating of shellac 
varnish is applied and allowed to dry for some hours 
Ina warm room. When the varnish 1s hard the wire 
is detached by heating the wax. A second layer 
is wound backwards over the first, with the same 
precautions, except that the original pieces of silk 
round the pivots are sufficient for this and all succeed- 
ing layers. 

The second layer 1s varnished like the first, and in 
this manner five or six layers are put on. When the 
winding is finished the coil is slipped off the block, 
and a small strip of ebonite H is fastened on the 
inside of the former and underneath the upper pivot 
by means of a little wax. Itis further secured by a 
few turns of thread which bind it to the coil, and are 
secured by running a little wax over them with a hot 
wire. Before being placed in position enough of the 
central part of the ebonite 1s cut away, where it bears 
against the former, to give room for the brass pivot- 
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plate. wo fine holes are also drilled through from 
front to back, and two short straight lengths of No. 22 
copper wire I I are forced through so as to project 
about 4 in. behind the coil. The two ends of the coil 
are brought round and over the edge of the former 
(from which they are protected by varnished silk) 
and are soldered to the projecting wires I with about 
1, in. slack, so that on carefully pulling the pieces of 
stiff wire outwards from the front the slack ends are 
drawn into the holes in the ebonite, the connections 
being pulled tight. 

The wires I are now secured in their holes by heating 
them and running in a little wax. The pole-pieces 
K K, shown separately at k, Fig. 42, are held to the 
magnet C by the screws BB, which pass through 
holes already drilled in the magnet as received from 
the works. K K are made slightly concave so that 
the coil shall be as near to them as possible without 
touching. 

The pivot-socket at the bottom is screwed into the 
plate L, which is clamped between the drilled cylin- 
drical distance-pieces N, and the heads of the screws 
which pass through them into the pole-pieces, K K. 
The plate F, through which the upper spindle 
passes is similarly secured to the upper surfaces 
of the pole-pieces. G is fitted with a locknut M, 
which holds it firmly when properly adjusted. 

Above F a small brass collar, J, 1s held to the 
spindle by a setscrew in front. 

Into the side of the collar opposite the setscrew, 
is screwed an arm O of thick aluminium wire, 
to the end of which a piece of platinum wire or foil 
is neatly riveted ; in Fig. 44 the wire O is shown bent 
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twice to raise the contact, but this would not be 
necessary if the spindle projected far enough above 
F. The arm O is for making contact with the screw P 
and for limiting the motion of the coil by means of 
the adjustable stops OQ. P is tipped with platinum 
wire. 

The screw has a knurled head, and works in the 
vertical brass plate R, which 1s held by screws passing 
up from underneath the small ebonite base 5. 9S is 
supported on the two pole pieces K K, to which it is 
fastened by screws. 

Another stop, Q, screws into the plate R, and is 
capped with ebonite, on the tip of which is stuck 
a scrap of felt to cushion the arm O when it deflects. 
A back stop QO is also provided. 

The contact is for calling up, and forms part of a 
bell-circuit which can be screwed back a turn or two 
when not required. 

TT are terminals which are included in the bell- 
circuit; one is connected to KR, and the other to 
the plate F. 

Under the left-hand screw U is held a narrow 
piece of thin brass strip V, with a No. 10 B.A. screw 
passing through a hole at the top and clamped to it 
by the nut W. Between W and a second nut is 
clipped a short piece of phosphor-bronze strip X, 
of the kind used for galvanometer-suspensions. 

A small and rather weak clock hair-spring is 
obtained and the central boss thereof is drilled and 
forced very gently on to the tapered spindle. This 
operation must not involve the slightest pressure 
upon the bottom pivot. 

A small brass pillar Z is screwed into the plate F 


158 WIRELESS TELEGRAPHY FOR AMATEURS, 


and drilled so that the outermost turn of the spring 
can be thrust through the hole from front to back ; 
a taper pin is driven into this hole to grip the hair- 
spring when its tension has been properly adjusted. 
The control must only be sufficient to bring the coil 
to the position of rest with a fairly crisp motion. 
If the control is too great, a weaker spring must be 
chosen. (To avoid confusion the hair-spring has been 
omitted from the drawings.) To provide a third 
path for the bell-current, which would otherwise 
divide between the hair-spring and the bottom pivot, 
the piece of phosphor-bronze strip X is connected to 
Y in such a way as to allow free motion of the coil. 
The connection may be made by soldering or by a 
fine taper-pin wedging the strip in a hole in the boss Y. 

Connection is made to the coil as follows :—The 
ebonite plate b is held against the drilled cylindrical 
distance pieces d d by screws which pass through into 
the pole-pieces K K. The plate 6 carries the two 
narrow vertical strips of thin brass, aa, which are 
secured to it by No. 10 B.A. screws and nuts; the 
latter also serve to hold a_ pair of thin wires which 
lead to the large terminals ¢ e. 

The tops of the brass strips are provided with 
No. 10 screws and nuts which grip picces of phosphor- 
bronze strip. Each strip is zig-zagged for the sake 
of flexibility, and is soldered at its lower end to the 
tip of one of the wires [J]. The strips provide con- 
nection from the terminals ee to the moving coil, 
but exercise practically no control over its motion. 

The terminals e eand T T are carried by an ebonite 
plate #, which is screwed to a strip of thick brass f, 
made flush with the edges of the ebonite. 
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A central hole is drilled through the ebonite and 
brass and through it a long and stout brass screw 
passes down into the wooden block g, thus holding 





lic. 45.—View, looking down on Moving Coil Indicator. 


the terminal plate # firmly to the magnet and the 
magnet to the block. The block itself is fastened 
by screws to the baseboard fh. 
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It now remains to place in the centre of the coil a 
cylinder of soft iron J, filling the space as nearly as 
possible without actually touching; this increases 
the magnetic flux acting on the coil. The cylinder 
is supported by a #-in. brass rod m1, screwed into a 
radial hole in the iron. The other end of therod is 
screwed into an ebonite block #, which 1s held down 
by a brass screw ‘passing through the centre into 
the wooden block g. The long arm of aluminium 
wire ¢ carries a small flag at the end and is fastened 
to the top of the coil-spindle with hard wax. The 
flag, which should be of white paper, about $ in. 
square, with a broad black stripe down the middle, is 
for observing the motions of the coil. 

Simple Potential Dividers—In its simplest form 
the potential divider is nothing but a long piece of 
highly-resisting materia], through which a continuous 
current flows from an accumulator-cell ; different 
lengths can be tapped by a pair of wires or a sliding 
contact. The voltage between the tapping-wires 
is proportional to the amount of resistance between 
the tapping points. 

Explanations of the principle of potential dividers 
must be sought under that heading (or that of poten- 
tiometers) in any good modern text-book. 

The Potential Divider.—The ebonite base A (Figs. 
46 and 47) is 4} ins. by 3 ins., though the reader 
is recommended to make it an inch wider—to avoid 
cramping. A circle is struck out and divided into 
twelve parts, eleven holes being drilled and tapped 
to take 1/16th-in. Whitworth screws. The twelfth 
hole B is drilled rather: nearer the centre of the 
circle. 
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Eleven cheese-headed 1/16th-in. screws are turned 
down until their heads are about 3/32nds-in. thick and 
the edges are bevelled, as shown in the illustrations. 

Each screw is drilled and tapped centrally at the 
end opposite to the head, so that small cheese-headed 
screws U can be inserted and wires gripped under 
their heads. Each 3/16ths-in. screw is then driven 
tightly home in one of the eleven holes in the base 
A, the whole is mounted in a lathe, and a very light 
cut is taken off the bevelled heads of the screws. 

The ring of contact-studs 1s complete except for one 
hole B in which an ebonite stud C is screwed so as to 
project above the brass studs, forming a stop for the 
contact-arm. 

A hole is drilled and tapped (2-in. Whitworth) at 
the centre of the circle, and through it is screwed 
a length D of 3-in. threaded brass rod, drilled through 
with a 4-in. central hole and turned perfectly square 
at the ends. D is secured by the locknut E, in two 
opposite flats of which holes are drilled and tapped 
radially to take small cheese-headed screws F F for 
holding connecting wires. G is a circular brass disc 
turned in one piece with the short length H, which 
is threaded (4-in. Whitworth). I is a rod of brass 
screwed centrally into the under side of G; it should 
turn easily, but without shake, in the central hole 
through D. J, a contact-spring of stiff brass, or 
phosphor-bronze, is held firmly to the under surface 
of G by three small screws, a hole being drilled 
through it to slip over the rod I. At this end it 
is rounded off to the same diameter as G, but it 
tapers towards the outer end, where the curvature 
is about the same as that of the studs. From the 
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outer end to near the middle it is divided by two saw- 
cuts, which are best made by a fretsaw after scoring 
very deep lines with a graver. K is an ebonite 
head drilled and tapped to screw tightly down 
over H on to G. L 1s a brass collar held to I by the 
setscrew M. L is also provided with the small 
cheese headed screw N for making connection with 
it. The contact piece J is shghtly bent, so that on 
pressing G down until J 1s level it makes good con- 
nection with the studs. 

The collar L is adjusted until J turns easily in D 
without vertical freedom ; and D is screwed upwards 
or downwards until the arm J is level. After adjust- 
ment D is locked by the nut E. 

O is a short length of ordinary stranded flexible 
wire with the insulation removed; it is shghtly 
twisted so that the strands shall not separate; its 
ends are fastened under the screw N and one of the 
screws in the locknut E, and it is adjusted until 
nothing is fouled by it when K J is turned completely 
round over the studs. 

Four terminals T are fitted to the ebonite base A, 
and connection is made from T, to the second screw 
in the locknut E. PPP are plug-blocks, arranged 
so that the potential difference across the resistance 
R can be added to that which is obtainable from the 
circle of studs alone. This arrangement was provided 
for special experiments, but is not necessary for 
ordinary working. 

Fig. 48 (inset in 46) is a diagram of connections for the 
simple potential-divider without the plug-blocks. AA 
are the terminals by which current is supplied from a 
single accumulator cell, The voltage of such a cell 
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is 2, and the voltage available for the wheel should 
rise by steps of o'r from o'r to about I'o. 

Consequently, as resistance R, is inserted between 
one terminal of the accumulators and the wire C (which 
goes to the terminal B and therefore to the coherer 
circuit), this resistance 1s about half of the total, so 
that there is a voltage of 1'0 between the wire C and 
the last stud D of the circle. 

The resistances yy 7 between adjacent studs are 
each equal in value to R,, and as they are ten in 
number there is a voltage of about ,', between cach 
stud and the next, or, if the accumulator gives a little 
over 2 volts, being freshly charged, the value may be 
more nearly o'1 volt. 

Thus, when the contact-arm is on the stud I¢-it is 
tapping off a voltage of o'r from R,; if on the second 
stud, the voltage is o'2; if on the m-th stud, the 
voltage is # X or. The contact-arm is connected, 
as shown, to the terminal B. 

The total resistance should be about go ohms ; 
R, must therefore be 45 ohms, and K,, and each 
of the other pieces 4'I. 

The author used a length of No. 42 Eureka wire, 
passing on from stud to stud and bared for } in. at 
each point where it was to be fastened under a stud- 
screw U, Fig. 46. 

The length of each piece was adjusted by electrical 
measurement taken before it was finally fastened, 
but as many readers will not have the apparatus 
necessary for this purpose, they are advised to use 
a rather larger size of Eureka wire, so that errors in 
length shall not greatly affect the value. 

The bobbin for the resistance R, is not shown in 
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the drawings ; it is screwed to the underside of the 
base A, and the wire 1s wound doubled on itself in 
the well-known manner described in_ text-books. 
The ends are soldered to lengths of stout copper wire, 
which pass through holes in the flange. The coil 1s 
bound round tightly with silk tape so as to prevent 
all strain or short-circuiting, and the whole is basted 
with hot paraffin wax. The last piece of loose wire 
R, is soldered to one of the copper wires from R,, 
the other being connected to one of the terminals A. 

The remaining connections are obvious. The 
Wires running round the studs may be bent to zigzags 
or disposed in any convenient manner, so long as 
they are safe from abrasion and short-circuiting. 

For guidance as to size and length of the wires, 
the resistances in ohms per foot of three of the many 
sizes of Eureka which are made are as follows :— 
No. 42, 17°85; No. 406, 12°39; No. 38, 7°99; No. 36, 
4°94. On the whole, No. 38 1s recommended. When 
the electrical part of the divider is complete a neat 
wooden box may be made of such dimensions that 
the base A forms a cover to It. 

The holes V V are for screws which hold the base 
A to the box. Fig. 49 1s from a photograph of the 
potential-divider. (The stop B is not shown.) 

Connections and Arrangement of Apparatus.— 
Fig. 50 shows the complete apparatus, and Fig 51 
is a diagram of the connections. 

The board on which the apparatus is mounted has 
two cross-pieces screwed on underneath near the 
ends, and channels are cut in these for the various 
Wires, most of which run under the board. When 
all connections have been made with neat and well 


RECEIVING APPARATUS. 167 


insulated wire a second board of the same sizeis 
screwed to the cross-pieces. 

The coherer is held in position by means of a very 
large terminal-head, H, which screws on to a brass 
shank standing up from, and firmly fixed in, the 
baseboard. This shank is arranged to stand in the 
space between the two projections V V, Fig. 38), 


ean 





Fic. 49.—View ot Potential Divider. 


so that the coherer can be clamped in various posi 
tions within certain limits. 

Tl, is a pair of large terminals to which the aerial 
and earth-wire are connected, if the receiving ap- 
paratus is of the untuned type. If tuning apparatus 
is used, they are connected in place of the detector 
in the diagram Fig. 34. These terminals are joined 
to another pair, I, provided for the casy disconnection 
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and removal of the coherer C, to which they are 
connected by thin wires above the board. 

L,, L, in the diagram are coils of several hundreds 
of closely wound turns of copper on an iron wire 
core underneath the board ; they help to confine the 
wave-induced oscillations to the coherer. 

When the coherer becomes conducting, the current 
flows from P the potential divider through L,, C, 
L,, and (if the change-over switch S, is in the 
position drawn) through the coil of the indicator R 
and back to the potentiometer. The other contact 
of S, is for connecting the terminals T, in place 
of the indicator R, so that a milliamperemeter or 
other separate indicator, can be used instead of R. 
The potential divider P is supplied by the accumu- 
lator cell B,, which, by means of the change-over 
switch $,, can be placed in series with a resist- 
ance W; this halves. the potential differences ob- 
tained from P. This device is unnecessary for 
ordinary working, and a single-way switch may be 
substituted for the two-way shown. A current flows 
in R, producing a deflection which remains as long 
as a continuous stream of wave-groups is affecting 
the coherer. Thus a long stream holds over the 
indicator, showing a dash, while a short stream gives 
a momentary deflection showing a dot. 

For calling up, the screw P, Fig. 42, 1s brought 
into action by moving it forward, and the switch 5,, 
Figs. 50 and 51, is closed on the first point, thus 
completing the circuit of the battery B, (two dry 
cells) and the bell D. 

The coils of D must be shunted by a resistance of 
about 18 ins. of No. 42 Eureka wound non- 
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inductively as described above (see text-books). If 
this precaution be not taken, the waves generated by 
the self-induction spark at the bell-contact may keep 
the coherer in a continually conducting state, and the 
bell may go on ringing after the waves have ceased. 





L» 
Bese a 
A 
7, 
oC 
CT 
Ts 
A 
L, 
aa 
Fic. 51.—Diagram of Connections for Lodge-Muirhead Receiver, 


If this is not effective, the bell-contact must also be 
shunted, but with 3 or 4 {t. of the same wire. 

The effect of the non-inductive shunt is to provide 
for the inductive rush a comparatively easy path, in 
which its energy is converted into heat instead of 
generating waves. 

By changing over S, to the second contact the 
terminals T, are substituted for the bell, so that an 
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external bell, a relay for causing an explosion, or any 
other suitable piece of apparatus, can be set in action. 

The third contact is connected to a separate 
circuit consisting of the same battery B,, the testing 
' buzzer’ G, and a tapping key or bell-push K. In 
this case the buzzer is so near to the receiver that no 
buzzer-aerial is required, and as the signals are read 
by eye and not by ear there isno need to make the 
action silent. 

Adjustments and Reception.—(1} Unscrew the 
stopper, Fig. 38/, from the mercury-holder of the 
coherer and raise the end of the platinum spiral to 
white heat in a spirit or Bunsen flame ; while white 
hot, plunge it quickly into mercury which will be 
visible on the spiral 1f amalgamation is successful. 
Replace the stopper and fill the container with 
mercury, giving it a tap to ensure the latter getting 
to the bottom. The mercury should project with a 
curvature slightly flatter than a semicircle. Replace 
the mercury-holder. 

(2) Start the clockwork, put the driving thread on 
the pulleys, and adjust the position of the coherer 
until the thread is stretched just tightly enough to 
prevent it from slipping. A very little machine-oil 
is used in the bearings of the wheel. 

(3) Screw up the container by means of the head 
G (Fig. 38a), until the wheel grazes the top of the 
mercury. 

(4) Apply a drop of oil to the edge of the wheel, 
and wait until it is evenly distributed round the 
circumference. * 


—* The oil used for the cohercr is a mineral lubricating oil, 
the density being about 0°89. 
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(5) Connect the coherer to the terminals T,. These 
should have been marked + and —; so also should 
the wires which go to the accumulator terminals, so 
that the polarity of the terminals T, may be always 
the same. Connect the + terminal to the brush whach 
presses on the spindle of the steel wheel and the — 
terminal to the mercury-column. 

(6) Close the switch S,, and change 5S, over to 
the buzzer-circuit. 

(7) Give promiscuous dot-and-dash signals by 
pressing K, and gradually increase the potential 
difference from P until the deflections of R exactly 
follow the motions of K. Increase the P.D. (potential 
difference) until the indicator R shows signs of lagging, 
that 1s, remaining deflected when no waves are sent, 
then decrease the P.D. slightly. The nght P.D. 1s 
the greatest which can be applied without any of this 
“lagging ’’ and is usually about 0°5 volt. 

(8) If the working is unsatisfactory, try very slight 
alterations in the height of the mercury-container. 
It the P.D. 1s much less than o°5 volt, or the working 
erratic, try a little more oil. 

Any suitable indicator may be used instead of the 
one mounted on the board by connecting tt to the 
terminals T,, and changing over the switel S,. 

When adjustment is complete connect to the 
recelving apparatus the terminals T,, and the 
messages should be received. 

For working about the house and to the bottom of 
a garden etc., it 1s sufficient to connect stout copper 
wires or brass rods to the terminals T, in place of 
the two large capacity-areas, or the tuning apparatus. 

As an instance of the reliability of this receiver it 
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was put aside for more than two months and when 
taken out again wires were fixed for reception, a 
switch was turned on, the potential divider was 
adjusted, and messages were received with perfect 
precision. The oil and the mercury were dusty, and 
the former seemed to have thickened slightly ; but 
the only noticeable difference in the action of the 
apparatus was that the potential divider had to be 
adjusted to give about 02 volt more than is usually 
required. | 

Heavy-current Relay for Fuses and Lamps.—F¥or 
making the receiver light up lamps, blow fuses, etc., 
switch-devices may be operated by trigger-mechan- 
isms which are released by the movement of an 
electric-bell-hammer. Details of design must be left 
to the ingenuity of the reader. 

Fuses for Explosion Expervments.—For exploding 
cartridges, etc., a convenient fuse can be made quickly 
by soldering a short length, say 4 in., of the finest 
platinum wire to two pieces of No. 26 copper wire. 
These are laid one on each side of an ordinary wooden 
match, so that the platinum wire bends over the head 
of the match and lies in contact with it. The copper 
wires are then bound to the match with cotton. This 
fuse is inserted in the explosive to be fired. 

Connection is made to the fuse by twisting wire on 
to the two ends of the copper, and the current to heat 
the platinum is supplied by one accumulator or 
bichromate cell, or even by a good dry cell. Explo- 
sions should not take place near to the receiver. 

Precautions 1n using the Receiver.—No one should 
be allowed to handle the coherer-wheel, as the edge 


is very easily damaged. 
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The container should be cleaned and refilled, and 
the spiral re-amalgamated from time to time. 

When the apparatus is not in use, a paper wedge 
should be gently inserted under the moving coil to 
lift the bottom pivot out of its socket and protect it 
from jolts. 

The Cover.—A wooden cover-box should be fitted 
to the baseboard, strong hooks and screw-eyes being 
provided for holding cover and board together. If 
these are. properly fixed, the apparatus may be safely 
carried by a leather bag-handle fixed to the top of 
the cover, and so placed as to make the apparatus 
hang in balance. The hooks must not be trusted 
until they have been arranged so that they cannot 
slip. 


APPENDIX A. 
ALPHABETS, CALL-SIGNALS, CODES, ETc. 


THE MorsE ALPHABET AND ITS USE. 


SIGNALLING 1s accomplished by sending long or short 
groups of wave-trains in certain recognised sequence, 
the arrangement being different for cach letter of the 
alphabet. 

A momentary depression of the signalling key 
constitutes a dot, and this consists of a short group 
of sparks, each of which sends out a train of waves 
to the distant receiver ; if the key is held down for 
longer, a dash or long group of wave-trains is pro- 
duced. 

Each letter or other sign is made up of dots and 
dashes, and the letters are distinguished from each. 
other by longer periods of rest than those given 
between the signals which make up the letter. 

The beginner is advised to transmit various letters 
in continuous repetition for three or four minutes 
each, until the person at the receiving end is 
thoroughly used to reading them. 

V is a clear and useful letter generally sent while 
adjustments are being made at the receiving 
station. 

Until the operators are thoroughly familiar with 
the different signals, it is well for all messages to 
be written on a piece of paper in the Morse code 
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and transmitted while the’sender reads from this 
paper. 

Similarly, the receiving operator should write 
down, in properly spaced dots and dashes, all that 
he receives, interpreting it at leisure when the signals 
have ceased. 

Any hesitation while the signals for letters are 
hunted for in a book will lead to hopeless confusion, 
and spontaneous messages sent as they come to mind 
should not be attempted until thorough proficiency 
has been attained. 

Dots should be sharp and crisp, and dashes should 
be long enough to give them clear distinction. A 
dash should be equal to three dots ; the space between 
signs forming the same letter should be equal to 
one dot, the inter-letter space should be equal to 
three dots, and the inter-word spaces should be 
equal to five dots. 

Uniformity of dots, dashes, and spacing should 
be aimed at; but signals should be sent: slowly at 


first, the speed being increased as the code becomes 
familiar. 

The Morse code 1s as follows : 

A -— K -—- [! 

B —--- LL - \ 

C —-—- M W 

D —-- N \ 

E - QO —----— Y -~ 

F --—- Pp -—— - LSB ees 

G ——- QO ——-— CH —. — --- — 

H ---- - ee - é --—-- 

[24 Sas Oe 
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QO -----—----—— fg reece § 
LS Sas — 5. SSS Q 
2--—-- -— 6 —---- 
Bea sian: hier ees 


‘Call’? or commencement of work — - — 
“Finish ’’ or end of work - — - — - 

Request for repetition or ? - - — — -- 

Wait - —--- 

Understood - - - — - 

Commence Transmitting — - — 

Break sign to separate portions of message — - - - — 
Error -------- 

‘Received’ Signal - — - 

Full stop -- -- -- 


Bar indicating fraction (/) — - - — - 


CoDE ABBREVIATIONS. 


The *‘ Handbook for Wireless Telegraph Operators,”’ 
published by H.M. Stationery Office, which all 
amateurs should possess, contains a list of code 
abbreviations for the use of British ships and coast 


stations and certain others. 


A selection only of these signals is given, and it 
M 
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must be remembered that each becomes a question 
when followed by a note of interrogation. 

Thus, ORH = “ My wave length is metres,’ 
while QRH? =“ What is my wave-length in 
metres?’’ QORQO = “ Transmit faster.” QROQ? = 
“Shall I transmit faster ?’’ The signal is repeated 
three times. 








= ~ — 








SIGNAL. SIGNIFICATION. 

FORA Here the 
ORB My distance is 
ORC My bearing is 
ORD I am bound for 
ORF I am bound from 
ORH .. My wave length is —— metres 
ORJ I have words to transinit 
ORK Signals are satisfactory 
ORL .. I am_ “receiving badly, please send 

20 - - - — for adjustment 

ORO Increase your power 
ORP Decrease your powcr 
ORO Transmit quicker 
ORS Transmit slower 
ORT .. Stop transmitting 
ORV... All nght now, everything ts i order 
ORZ Your signals are weak 
OSA Your signals are strong 
OSB Your spark is bad 
OSC Your spacing is bad 


—— — - 2 ee e  ee ee ee 


* Here the — 1s used to indicate the name of the sending 


station. 
Campania.” 


Thus—* QRA ORA ORA Campania’ =<“ I am the 
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CALL-SIGNALS. 


Each station has a call-signal by which it 1s known, 
and commonly messages are preceded consecutively 
by the following signals : — - — - — sent once, the 
call signal of the station called sent three times, 
the word “‘de”’ (or occasionally v) sent once, and 
the call signal of the caljing station sent thrice. The 
station called gives — - — - — followed consecutively 
by the call signal of the calling station sent thrice, 
the word “de” once, its own call signal once, and 
the letter k (go on) once. Thus the Olympic calling 
Niton would signal :— 

—-— -— GNI GNI GNI de MKC MKC MKC 

Niton would answer :— 

—-—-— MKC MKC MKC de GNI -—— . — 

Operators and amateurs should obtain the Inter- 
national List of Stations published by the Telegraph 
Bureau.at Berne, price 6s., in which will be found 
the call-letters and wave-Iengths used by various 
stations. 

The following is a list of some of the important 
stations easily heard in England and _ cspecially 
around London. The call-signals are given alpha- 
betically and the third column contains approximate 
values of the wave-lengths :— 


ALPHABETICAL LIST OF SOME IMPORTANT STATIONS 
AND THEIR CALL-SIGNALS. 


CALL-SIGNAL. STATION. 


BHX .. British School of Telegraphy, 
Norwood Station. 
BY _.. Shoeburyness, Essex. 
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CALL-SIGNAL. 


CA 
CDN 
CSX 


DP 
ECX 


FL 
FNL 
FNT 
GBA 
GCK 
GCS 
GLD 
GLV 


GMH ~ 


GNF 
GNI 
GRL 
GV 
HBR 


HNU .. 


JE 
KND 
LNS 

MAD 
MBR 


MDX .. 
MHX .. 


MPD .. 
MTD .. 


. Niton, I. of Wight. 
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STATION. 

. Cambridge. 

Clifden, Ireland 7000 

. British School of Telegraphy, 

Clapham Station. 
. Dieppe. 
“London Telegraph Training 
College,’’ Earl’s Court Station. 
. Enffel Tower, Paris. 1800-2000 
. Flannon Island, Scotland. 
.. Fastnet, Ireland. 

. Bolt Head, Plymouth. 600 
Crookhaven, Ireland. 600 
Caistor, Yarmouth. 600 

.. Lizard, Cornwall. 600 

. Liverpool. 600 

Malin Head, Ireland. 600 


600 or 300 
600 or 300 
Rosslare, Ireland. 600 

Guernsey. 

Heysham, Lancs. JOO ? 
Hunstanton, Norfolk. 

Jersey. 

Norddeich, Germany. ry 

Cullercoats,. Northumberlanea. G00 

Madrid. 1600 

Bloomfield, Ireland. 


North Foreland, Kent. 


_ Chelmsford, Marconi Station. 1500 


London Telegraph Training Col- 
lege, Acton Station. 

Poldhu, Cornwall. 

Cross Sands Lightship. 


3000 


CALL-SIGNAL. 


MTE .. East Goodwin Lightship 

MTG Gull Lightship. 

MTK .. Sunk Lightship. 

MTS... South Goodwin Lightship. 

MTT Tongue Lightship. 

MWS .. Withernsea, Yorks 

NAC Portsmouth Navy Yard. 

NH Portsmouth. 

OST .. Nieuport, Belgium. 600 
OX Oxford. 

PCH scheveningen Haven, Holland. 600 
POZ Nauen, Germany. 6000 
POL Parkeston Quay, Issey. 

RHN Newhaven, Sussex. 600 
ROW Dover. 

RY Whitehall (Admiralty). T5090 and 3500 
SA Portsmouth (Admiralty). Variable 
SKE Skegness, Lincoln. 

SMP Gibraltar, Windmill Hill. 

SPC Hornsea, Portsmouth ? 

SOC Felixstowe, Suffolk. 

SZ Cleethorpes (Admiralty). 3500 
TCF Cherbourg. 600 
TDF .. Dunkirk, France. 600 
ITLK .. Port Patrick, Ireland. 

IMP .. Rame Head, Plymouth. 

UBL .. Boulogne 600 
UOS Ushant. 600 
USM .. Marseilles. 600 
VFM .. Sheerness, Kent. 
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STATION. 
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SoME STEAMSHIP CALL-SIGNALS. 


CALL-SIGNAL. SHIP. CALL-SIGNAL. SHIP. 


MAA .. Carmania. MNA _ ..Rannonia. 
MBC... Baltic. MNC_ .. Romanic. 
MCA .. Campania. MOC... Oceanic. 
MDC .. Cedric. MPA _.. Carpathia. 
MDX .. Lusitania.¥ MPC Canopic. 
MEA .. Franconia. MOC... Persic. 
MFC... Arabic. MRA Caronia. 
MGA Mauretania. MRC Cretic. 
MGC Cymric. MSA: Saxonia. 
MHC Adriatic. MTA Ultonia. 
MIA Ivernija. MTC Teutonic. 
MIC Laurentic. MWC Runic. 
MJC  .. Suevic. MWI Tonic. 
MKC Olympic. ~ MWN Athenic. 
MLC Celtic. MXC Medic. 
MLV Montrose. MYC Afric. 
MMC Majestic. MZC Megantic. 


SIGNALS COMMONLY RECEIVED. 


Time Signals.—On and after July Ist, 1913, the 
Eiffel Tower, FL, will send time signals as follows : 
At 9.57 there will be a series of —- - - - - 
—--— until gh. 57m. 50s. when there will be a 
pause of 5 seconds, at the close of which. will 
come three T’s or — spaced one second apart 
and each occupying one second. The last will 
end at 9.58. Ixactly two seconds before every 
roth second, counting from 9.58, there will be 
a — and at each roth second after 9.58 there will 
be a “tap” lasting exactly 4+ of a second. 
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At gh. 58m. 55s. there will be three — — — ending 
at 9.59. The last minute in the hour will follow the 
same course as the 59th minute, except that there 
will be two — — instead of one —. Three — — — 
will mark the end of the minute as before, and the 
end of the last — will be precisely at 10 a.m. 

The same sequence will be repeated between 
11.57 p.m. and midnight. 

Norddeich, in the extreme north of German 
Friesland, will send exactly similar time-signals at 
midday and at Io p,m. ; also a number of Continental 
stations, most of which are inaudible in England, 
will send the time-signals at certain specified hours. 
In all cases the wave-length used for the time-signals 
will be 2,500. 

The time-signals will probably be followed by 
weather reports. At present Norddeich sends news 
and weather reports from 9.30 to 10.30 p.m., and 
again from 10.30 to I1.30 p.m. 

Cleethorpes, 5Z, transmits half-hourly and sends 
weather reports at 10 a.m. and 10 p.m. The evening 
report is repeated. 

The Admiralty at Whitehall, RY, sends weather- 
report at 8.30 p.m. 

The Eiffel Tower also signals to lightships from 
8.0 p.m. to 9.30 p.m., and Poldhu, MPD, sends from 
11.30 p.m. to about 2.0 a.m. 

Whitehall can be heard at various times during 
the day and often sends very short groups of 
signals. 

Norddeich and other Telefunken stations use 
very high and constant musical notes and very 
sharply defined wave-lengths. 
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The Eiffel Tower signals have a very low group— 
frequency which is heard as a low purring buzz; 
also a musical note for news. Most ship and coast 
stations use chiefly a wave-length of 600 and many 
of the latter have low group frequency. 


APPENDIX B. 
MERCURY INTERRUPTERS. 


At the high-speeds required for good wireless 
signalling all forms of dipper-break are liable to give 
trouble through cavitation in the mercury; the 
plunger forms a hollow or depression in the surface 
of the mercury and causes irregularity. 

Turbine-jet interrupters may be made to give 
higher frequency if the number of contact-pieces 
inside is increased, provided that the voltage is 
sufficient to compensate for the reduced time of 
contact. At voltages above 100 great care must 
be taken to allow sufficient space between the contact 
pieces, as arcing is liable to take place and prevent 
proper interruption. 


SHORT INDEX OF IMPORTANT SUBJECTS. 


A. 


Aerials— 
Action of, 28-33, 306-42, 
Design and Erection of, 

70-83. 
Directly Charged, 20, 28- 
32, 85. 
Harmonics in, 36-42. 
Wave-length of, 72. 
Amplitude, 12. 
Arcing, 101. 
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Buzzers, Testing, 132. 
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Call Signals, 179-182. 
Change-over Arrangements, 
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Coherer, Lodge-Muirhead, 
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Damping, 13. 
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PF. 
Frequency, 11, 27-28. 
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186 


I, 
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Connections of, 94. 
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74: 
Lodge-Muirhead Apparatus, 
138-174. 


M. 


Morse Alphabet, 175. 


O. 
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Hamptons LtD., 12, 13, and 19, Cursitor Street, London, E.C. 


A Receiver DESIGNED 
for Wireless Work. 


This is the LATEST, LIGHUEEST ata bet 
WIRELESS RECEIVER, wil dias three bellow bong 
good points, therefore exceedingly high cittafeney, 
Weight: Single Receivers 4) 07%. Double 
Receivers g ozs. 

The receiver shells, headgear, terminals, screws, 
ctc., are made of a metal which has the strength 
of steel, but is as light as aluminium, and also ts 
unaffected by sea water, and retains its polish, 
The ball joint to the headbands and fat 
pieces permit the phones to fit the car smugly. 

The magnets are madcof best Tungsten magnet 
steel. 

The soft iron pole picces are designed so as lo 
obtain a great number of turns of wire round the 
cores to their resistance. 

Patent cord ends which can be repaired in a few 
seconds. 

Wound any resistance with copper wire up to 
6,000 ohins, cach receiver. 

Write for further particulars and prices. 
N.B.—If you wish to obtain the best results from 
your station, use only the best phones which are 

» designed for ‘wireless work, 
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The Model Engineer and Electrician, 


Edited by PERCIVAL MARSHALL, A.I. Mech.E. 


PUBLISHED EVERY THURSDAY; PRICE 2d.) POST FREE 8d, 


A splendid paper for young engineers, apprentices, students, and 
amateurs interested in mechanics and electricity. It contains 
practical articles on the construction and working of model steam, 
gas, and oil engines, model locomotives and railways, wireless 
telegraphy, motor cycling, electric bells, telephones and batteries, 
electric lighting, accumulators, lathes and metal and wood-working 
tools, dynamos, &c. Well illustrated from photographs and original 
working drawings. 


SEND 3d. FOR SPECIMEN COPY. 


PERCIVAL MARSHALL & CO., 


66, FARRINGDON STREET, E.C. 





Ford’s Improved Wireless Receiver 


THOROUGHLY RELIABLE. THE BEST EVER OFFERED. 


The outcome of itinerots 
experiments coupled with 
expert knowledge. 
Absolutely  eMelent,  Uphet, 
SHRIrt in appearance, athores 
perfect ease aid comfort te 
the wearer, toatniufactared 
With highest palit y maratentials 
and fasndsdrercl aecone (en dheotger, 
Construetion da one pren feet 
Tract woreorege vebpentesvend ct the 
DDisaprdorsuggons de dnageemund bodes, 
Dressucdbosngncdes cod Cyanevent ee 
deel, Faun Upgbodere Cbecene Vet ctess 
cueved Doeaen dd Meall yy pedieteret, ane 
WMferctecl Loy clbnnnate 

Wort toany ceatatanee wlth 
finest Rittipee PV. te cv enent 
wire, Complete with sith 
cords, &e., &e, 

Prices Moderate. Send at onve for 

Illustrated List, Post free, ud. 


WHITFORD & CO., Grosvenor Road, liford, Essex. 


















Junior Mechanics and_ Electricity. 
Edited by PERCIVAL MARSHALL, A.I. Mech.E. 
PUBLISHED MONTHLY. PRICE 2d; POST ERIE dd. 
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The paper for beginners of all ages. Deals with Tools: How to Male ana 
Use Them, Dynamos, Steam Engines, Model Boats. Well illustrated) and 


practical. 
SEND 8d. FOR SPECIMEN COPY. 
Percival Marshall & Co., 66, Farringdon Street, London, E.O. 


IF YOU WISH TO BUY, SELL, OR EXCHANGE 


Models of any description, Tools you do not require, Wireless Telegraphy 
Outfits or parts, Induction Coils, Scientific Apparatus, &c., Mechanical or 
Electrical goods, the best medium for your advertisement is 


“THE MODEL ENGINEER AND ELECTRICIAN.” 
PRICE 2d. PUBLISHED EVERY THURSDAY. 
Circulates in all parts of the United Kingdom and the Colonies. 


Rates for advertisements in the Sale and Exchange columns :—6d. for the first 
18 words, and 4d. per word after. 


Address :—The Advertisement Manager, ‘‘ THE MODEL ENGINEER,”’ 
66, Farringdon Street, London, E.C. 


~ LIST OF 


Cechnical Books 


SUPPLIED BY 


Percival Marshall & Co., 


66, FARRINGDON STREET, LONDON, E.C. 














Any Technical Book not in this List can be supplied to 
order. Inquiries are invited, and will be answered by post 
free of charge. Foreign and Colonial customers please note 
that the postages given, unless stated, are for Great Britain, 
aod extra money should be sent to cover the higher postage 
for Colonies and Foreign Countries. 


MECHANICAL ENGINEERING. 
Gas and Oil Engines, and Gas Fitting. 


Design and Construction of Oil Bngines. By A. H, Goldingham. Deals 
with erecting, testing, installing, running and repairing. Third Edition. 
260 pages. 112 Illustrations. Postage 6d. ... sie ee 10s. 6d. 


A ?ractical Treatise on Modern Gas and Oil Bngines. By Fred. Grever, 
A.Ni.Inst.0.B. Fifth WBdition. Illustrated. ith 365 pages. Pest 
tage 4d. eee eve eee eos ebe eee eee Se. Od. 


acetylene: The Principies ef its Generation and Use. By F. H. Reeds, 
.1.C., F.C.S., and W. J. Atkinson Butterfleld, M.A., F.1.C., F.C.S. With 


Diagrams and I!ustrations. Postage 5d._... ae eee 8s. 6d. 
The Gas Engine Manual. By W. A. Tookey. A well illustrated and practias' 
Handbook for Gas Engine Users. Postage 4d.| see aes 3s. 6d. 


Gas and Petroleum Engines. Adapted from the French of H. De Grafiigny, 
by A. G. Biliott, B.Sc. A Useful and Elementary Treatise for Non-Teghaies! 


Readers. With 52 Illustrations. Postage 8d. ese oe 2s. 6d. 
Practical Gas Fitting. By Paul N. Hasluck. With 126 illustrations, 160: 
ages. Cloth. Crown 8vo. Postage 8d. ove os 28. Od. 


Gas Bngines: Their Advantages, Action, and Application. By W. A. 
Tookey. Hintsto Purchasers, Rrectors, and Attendants. Postage2d. {s. Od.. 


Oil Engines: Their Selection, Erection and Correction. By W. A. 
Tookey. Many types of Engines described shortly. Postage 2d. is. Od. 


Gas Producers for Power Purpeses. By W. A. Tookey. For the use of: 
Purchasers, Erectors and Attendants. Postage 24d. ... gus fo. Od. 


How to Manage a Suction Gas Producer. By W.A. Tookey. Iilustrated.. 
Postage 2d. ... aes sa eae see bas gee {s. Od.. 
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Gas and Oji Engines. Simply explained. By W. ©. Runciman. An Elemen- 
tary Instruction Book for Amateurs and Engine Attendants. Fully Illustrated. 
Postage 1d. eee eoe eee &oe 608 a) 6d. 


General Engineering. 


A Text Book of Mechanical Engineering. By Wilfrid 3. Lineham, 
M.Inst.C.E., M.I.Mech.E., M.1.E.B. Contains 1,000 pages, with 920 Illustra. 
tions and 19 Folding Plates. Postage 6d. ... ase acs i2s. 6d. 

Bagineer’s Sketchbook of Mechanical Movements, Devices, Appliances, 
etc. For use in the Design and Construction of Machinery. By T. W. 
Barber, M.Inst.C.E. Fifth Edition. 8000 I!iustrations. Postage 5d. 10s. 6d. 


The Repair and Maintenance of Machinery. By T. W. Barber. With 417 


Iflustrations. 8vo. Postage 5d. _..., ats jas _ (Os. 6d. 
Mechanical Refrigeration. By Hal Williams, A.M.1.5.. A.M.1.E.E. With 
115 Illustrations. Crown 8vo. Postage 4d. ... sis ss 10s. 6d. 


Mechanical Movements, Powers, Devices, and appances: By Gardener B. 
Hiscox. For the use of Inventors, Meohanios, Engineers, Draughtsmen, 
and all others interested in any way in Mechanics. Illustrated by 1,648 
Bingravings. 4102 pages. 8vo. Cloth. Postage 6d. ... eee 8s. 6d. 

Applied Mechanics and Mechanical Engineering. In Five Volumes. Large 
Crown 8vo. By Professor Andrew Jamieson. 


Vol. I.—Applied Mechanics. Eighth Edition. Postage 4d. ... 6s. Od. 
Vol. 11.—Strength of Materials. Eighth Edition. Postage 4d. Ss. Od. 
Vol. II1I.—Theory of Structures. Eighth Edition. Postage 4d. Ss. Od. 
Vol. 1V.—Hydraulics. Eighth Edition. Postage 4d. ... bas Ss. Od. 
Vol. V.—Theory of Machines. Seventh Edition. Postage 5d. 7s. 6d. 


Toothed ceerne. By J. Horner, A.M.I.M.H. A Practical Handbook for 
orksho 


Offices and ps. With 18 Illustrations. Crown 8vo. OQloth. 
Postage 4d. see eee eee ooe eee ooe eee és. Od. 
The Chemistry of Materials ef Engineering. By A. Humboldt Sexton. 
Grown 8vo. Postage 4d. eee bes eee a, ‘ee Ss. Od. 


Practical Notes on the Construction of Cranes and Lifting Machinery. 
By Edward C. R. Marks, A.M.I.C.E., M.I.M.B. New and Enlarged Rdition., 
Grown 8vo. Postage 4d. ... ses eee ‘ee ae 3s. 6d. 

Zliementary Manual of Applied Mechanics. By Prof. Jamieson. Speoially 
arranged for First Year Students. Fifth Edition. With IlMustrations and 
Examination Papers. Crown 8vo. Postage 4d. see wee 3s: 6d. 

@agineering Workshop Practice. By Charles G. Allen. This book is 
Witended as a guide for Students and Engineering Workmen genearally. 
INMustrated. Postage 4d. oat wee bis gee ase Be. el. 

Tho Strength of Materials and Structures. By Sir J. Anderson, O.H., LL.D., 
F.R.S.E. Showing the strength of materials as depending on their quality 
and as ascertained by testing apparatus. With 66 Illustrations. Kop. 8ve. 
Postage 8d. eco eee eee eee eee eco ece 3s. ed. 

Mechanical Engineering Materials. By Edward C. R. Marks, A.M.1.G.B. 
M.I.M.E. Postage 8d. ase sie ase See ene 2s 64d. 

The Engineering of Ordnance. By A. Trevor Dawson, Lieut. R.N. Gustave 
Canet Lecture. 68 Illustrations. Postage 8d. “ae sas 2s. 6d. 


Locomotives and Railways. 


dern Lecomotive Practice. By C. EB. Wolff, B.Sc., A.M.I.M.H. A treat- 
=e ise on the Design of Steam Locomotives. With 150 Illustrations and 8 fold. 
ing Plates. Postage a a a ‘ = a ; a ies: 6d. 
4itish Lecomotives. Their History, Construction, an odern Development. 
oe C. J. Bowen Cooke. With 150 illustrations. Third Rdition. Thoroughi 
revised. Crown 8vo: Postage 4d. sz. ove ove eee 7s. 6d. 
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tecometives of 1907. By G. S. Lake. A Supplement to The Werld’s 
Rocomotives. Postage 8d. ... one eee eee ove Is. ° 
The Lecometive Engine and its Development. By Clement BH. Stretton, 
@.8. A popular Treatise on the Gradual Improvements made in Rail 
ar a between 1803 and 1903. Sixth Edition. Revised and Bolarg 
Wit 


ith 180 Illustrations. Orown 8vo. Cloth. Postage4dd. ... _ 4s. 6d. 
Mledern British Locomotives. By A. T. Taylor. 100 Diagrams and 
principal Dimensions. Postage 8d. ... 4s. 6d. 


The Lecemotives of the G.N.R. By George Frederick Bird. A Chrone- 
legical account of the Locomotive Stook of the G.N.R. from its inceptien te 
the present day; every type illustrated and desoribed. Postage 8d. 38. 6d. 

hLecemotives ef the L.B. @& S.C.R. A complete history of all the locome- 
tives of the L.B. & S.C.R. from 1889 to the present day. 144 illustrations 
from Drawings and Photographs, every engine illustrated and described. 
Postage 8d. oce eee eee eee 3s. ed, 

Rallway Appliances. By Sir J. Wolfe Barry, H.0.B., F.R.S., eta. A Des. 
eription of Railway Construction subsequent to the completion of the Harth- 
works and Structures. With 218 Illustrations. Fop.8vo. Postage 8d. 4s. 6d. 

The Lecemotive Pertfolio. By F. Moore. Containing 12 beautifully oxeeuted 
@oloured Plates of Modern British Express Locomotives. Postage 4d. 3s. 6d, 

The Lecemotive of To-day. A thoroughly practical Treatise on the British 
Bocomotive; every detail carefully illustrated and desoribed. Post. 8d. 2s. 6d. 

Rallway Working and Appliances. By Edward S. Hadley. Desoribes the 


Methods and Mechanisms by which Railways in Great Britain are condueted. 
Illustrated, Postage 3d. ve ate an sie wee (s. 6d. 


The Lecemotive Simply Explained. By C. S. Lake. A First {ntroductien 
to the Study of the Locomotive Engine. Postage Id. wee ed. 
The Model Railway Handbook. By W. J. Bassett Lowke. A Guide to the 
Choice of Model Lecomotivesand Equipment. Illustrated. Postage 2d. 6d. 


Machine Design and Drawing. 


The Siements of Machine Design. By W. Cawthorne Unwin, F.R.S. 
Part I. General Principles, Fastenings, and Transmissive Machinery. With 


$45 Diagrams, etc. Postage 4d. ee see de 7s. 6d. 
Part II. Ohiefly on Engine Details. With 259 Illustrations: ‘ac GA 
4d. eee ove eee ace oee aoe oe 6s. 8 


Mathersatical Drawing Instruments and Materials. By A. G, Thoraten. 
Desoribes ali Instruments and Materials used in Drawing, Tracing, &e, 
Postage 4d. ry y eon ‘e808 ry Y | eee eee xy | is. 6d. 

Sachine Drawing. By T. Jones, M.I.M.B., and T.G. Jones, M.Sa., Wh.Se 
Book 1. Thirteenth Edition. Enlarged. General Details of Rnogines aad 

Machines. 69 Plates (four coloured). Postage 4d. aise 3s. 6d, 
Beek 2. Machine Tools. Drilling, Planing, Slotting, and Shaping. Enlarged 
Bdition. 48 Plates (four coloured). Postage 4d. - 3s. Od, 
Geck 8. Engine and Pump Details. Third Bdition. 44 Plates (fous 
eoloured). Postage 4d. ... sts wea see baa 3s. ed. 
The above three books, handsomely bound in one volume. Post 6d., net {2s. 6d. 
Book 4. Wileotrical Machines and Details. 16 Plates. Postage 2d. fs. @d. 


Sketches ef Engine and Machine Details. By Wallace Bentley, M.I.M.B. 
This book contains over 200 Detail Drawings, fully dimensioned: from 
the latest practice, and inoludes drawings from Stationary, Locomotive, and 
Marine Engines, Boilers, Gas and Oil Engines, Machine Too!, Hleatrig 
Motors, etc. Fourth Edition, enlarged, Postage 3d.... aie 2s. 6d. 


@achine Drawing and Sketching for Beginners. By J. H. Robsoa, 
A.M.I.M.E. A useful book for all beginners in Machine Construction and 
Drawing. Contains 191 pages and over 300 illustrations. Postage 4d. 2s. @d, 


An Isatreductieon te Machine Drawing and Design. By David Allen Lew. 
With 158 Illustrations and Diagrams. Orown 8vo. Postage 8d. 2s. 6d. 
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Machine Shop Arithmetic. By Colvin. A Pocket Book containing Pee 


to Problems met with by every mechanic. Postage 2d. Sas 2s. 
Nugincoring Mathematics Simply Explained. By H. H. Harrisen & 
Textbook for Apprentices, Students and Engineers. Postage 8d. 1s. 6d. 


Bugineer Draughtsmen’s Work. By a Practical Draughtsman. Hints te 
Beginners in Drawing Offices. Second Rdition. With 8@ Illustrations. 
Postage 2d. eve eoe eee eee see eee ove ie. 6d. 

Mechanical Drawing Simply Explained. An Elementary Handboek es 
Engineering Draughtsmanship for Students, Apprentices and Amatours. 
Pally Ilustrated. Postage Id. oe ses _ eas 6d. 

How to Read a Workshop Drawing. A useful book for beginners, describ- 
ing how to understand Drawings. Postage ld. ie ese 6d. 


Marine Engineering. 


Marine Engineer’s Guide for Board of Trade Examinations for Certifi- 
cates of Competency. By A. C. Wannan, C.E., and D. Lindsay. Fifth 
Edition. Revised and further enlarged. In Two Volumes: 

Arithmetic. Postage 4d. Abroad 8d.... eee a ake 6s. Od. 
Elementarys, Verbals and Drawings. Postage 4d. Abroad8d. 6s. Od. 

Verbal Notes and Sketches for Marine Engineers. Contains Notes and 
Sketches given at the Board of Trade Examination. By J. W. Sothern. 
Postage 4d.... ce sas ae hs as vei ve, 6d. 

ores and Desi ing for Marine Engineers. By Chas. W. Rebesrts, 
M.I.Mar.E. With 27 Illustrations and 21 large Plates. Demy 8ve. Gleth 
gilt. Postage 4d... ie see ae sé aes Ge. Od. 

Engine-room Practice. By John G. Liversidge, A.M.I.C.E., eto. A Handbee’ 
for Engineers and Officers in the Royal Navy and Mercantile Marine, ing!udie 
the Management of the Main and Auxiliary Engines on board ship. Thiec 
impression, with numerous Illustrations. Lrg.cr. 8vo. Postage 4d. 68. 64. 

Blementary Lessons in Steam Machinery, and the Marine Stsam 
Engine. By J. Langmaid, R.N., and H. Gaisford, R.N. With a Zhert 
Description of the Construction of a Battleship. Compiled for the Use e! 
Junior Students of Marine Engineering. New KEdition. 8vo. cone 

en eee eee eee eee e068 68-6 6s. & e 

The Resistance and Power of Steamships. By W. H. Atherton, M.3s., and 
A. L. Mellanby, M.Sc. Cloth. Postage 8d. ,,, bie oes Gs. 4d. 

Miarime Engineers: Their Qualifications and Duties. By EB. G. Constantine. 
A.M.I.C.E., etc. With Noteson the Care and Management of Marine Bagines, 
Boilers, and Machinery. Crown 8vo. Cloth. Postage 4d. ... Ge. od. 


Practical Mechanics. By Thos. Mackenzie, F.R.A,S. Applied to the Require. 
ments of the Sailor. Second Edition, revised. With oumerous IMustratiens. 


Postage 8d. ... as see see gs aoe id 3s. 6d. 
Practical Advice for Marine Engineers. By Chas. W. Roberts, M.1.Mar,B. 
With 64 Ilustrations. Crown 8vo. Cloth. Postage 8d. ee 3s. Od. 


Model Making and Amateur Mechanics. 


Practical Bost Sailing fer Amateurs. By G. Christopher Davis. BSesend 
Edition. Revised and Eniarged, and with several new plans of Yashts. Gea. 
taining particulars of the most suitable sailing boats and yachts for amateurs 
and Instructions for their proper handling, etc. Illustrated with numerenus 
diagrams. Postage 4d. des aes oe oo Sa. Od, 

Practical Boat Building for Amateurs. By Dixon Kemp. Sesond Mditisa, 
Revised and Enlarged, containing full instructions for Designing and Building 
Punts, Shiffs, Canoes and Sailing Boats, ete. Fully Ilustrated with werkin 
diagrams Postage 8d a oes a a 2s. 6 
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Model Yachts and Boats. By J. DuV. Grosvenor. Giving their Designing, 
aking and Sailing. Illustrated with 118 designs and working diagrams. ta 
Beatherette. Postage 8d. __... ove ia a el 2s. 6d. 
Model Stationary Engines: Their Desigm and Construction. gs abr 
Munoaster. ontains over 100 Working Drawings and Sketches. oat 
useful for study of small Model Engines. Postage 3d. ove is. 6d. 


Amatour's eempenton te the Workshop. Being a Collection of Praetiea! 
Articles and Suggestions for the use of Amateur Workers, with some details 
as to construction of Bilectrical and other Models and Apparatus. Illustrated. 
Postage 8d. coe ece oo See oes eco eos ia. ed. 


Medel Steam Engine Design. By R. M. de Vignier. Illustrated. Post- 
age 14d. ses see - age see see Sia is. 6d. 


a.B.C. of the Steam Engine. By J. P. Lisk. With 6 Plans. Post ljd. is. 6d. 
Ballding Model Boats. By P. N. Hasluck. Illustrated. Postage 2d. 1s. Od, 


Medel Engineer’s Handybook. By Paul N. Hasluock. A Practical Handbeok 
on the Construction of Model Steam Engines. With upwards of 10@ Iilustra- 
tions. 144 pages. 8vo. Cloth. Postage 8d. ,., see sie is. Od. 


Giedel ae Yachts. How to Build, Rig, and Sail Them. MHdited by 
Persival Marshall, A.I.Mech.E. A practical handbook for Mode! Yaskte- 
men. Illustrated. Postage 8d... oe oes wes eee ja. Od, 


Model Gliders: How to Make and Fly Them. By E.W. ns Beauti- 
fully coloured Birds and Butterflies to make into Gliders. Post 2d. Is. Od. 
Simpie Mechanical Working Models: How to make and use them. Hdited 
y Percival Marshall, A.I.Mech.B. Gives Instructions for making Medel 
Water Motors, Model Hot-air Engine, Cardboard Working Mode! hoseme- 
tives, Model Gravitation Railway, etc. Fully Illustrated. Postage 1d. ed. 


Machinery for Model Steamers. Edited by Percival Marshall, A.I.Meeh.B. 
A Practical Handbook on the Design and Construction of Engines and Boilers 
ler Model Steamers, the Use of Liquid Fuel, and the Proportions of Maghine 
fer Model Boats. Fully Illustrated. Postageld. .. wee ed. 


Medel Steamer Building. Edited by Percival Marshall, A.I.Meoh.w. A 
Practical Handbook on the Design and Construction of Model Steamer Hulls 
and Fittings. Fully Illustrated. Postage 1d. sé ses 6d. 


Gedel)Steam Turbines : How to Design and Bulld Them. Fully Ilustra- 
ted. Postage ld. ... see a aes sea an ed, 


Model oe Bngines: How to Understand Them and How to Use —— 
8 S 


Models for Engineering Students. 


Werking Medels, (‘'X'’ Series), Prepared by T. & T.G. Jones. 
Medel No. 1. Complete in box, with book of Notes‘and short Bssay ea the 
Steam Engine. Postage 8d. ... si ace Sie 28. 
Siede!l No. 2. Complete in box, with book of Notes and short Easay en tha 
Steam Engine. Postage 8d. = ane Sea ses 3s ed. 
Ses. land 2. Oomplete in box, with Notes. Postage 8d ois Ss. Od. 
Werking Models. By T. &T.G. Jones. Series 1 & 2 show at a glanee the 
werking of the various Types of Slide Valves used in modern Steam Bagines. 
Might Oardboard Models, in box with full explanations. Postage 2d. 28. 6d, 
Series 8. Oomprising 6 Cardboard Models of modern High Speed Hngines 
specially constructed for oni Dynamos. Oomplete in box, with full 
explanatory notes. Postage 8d.... aes ove eee Ss. od. 
Sescriptive Geemetry Models. By Thomas Jones, Gold Medallist. 
Geries No. 1. Six Models with descriptive letterpress and 40 Problems for 
Solution. Postageld.... - wee ove ace is. 3d. 
Geries No. 2. Six Models with descriptive letterpress and 40 Problems { 
Solution. Postage ld. ... sus vee coe ove fa. ad. 
Geries 1 and 2, in one volume. Postage lad. ... om oes Re Od. 
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Motor Cars and Cycles. 


me Motors and Motor Cars. By T. Hyler White, A.M.I.M.B. A Hanéd- 


ook for Engineers’ Designers and Draughtsmen. Cloth.  IIlustrated. 
Postage 8d. aes 4s. 6d. 


Cemplete Hints and Tips ‘for Automobilists. From The Autocar. ae 


suggestions for repairs, &c. Postage 4d. ... eae see 28. 
The Modern Motor Car. Its PT emement Mechanism and Maintenance. 
By W. Galloway Duncan, M.I.M.E. 


Illustrated. ea i 8d. 23. 6 
The Motor Cyclist’s Handbook. By Phoenix (C. S. Lake). The book for 
Biotor Cyclists. Over 200 Illustrations, 264 pages and 10 pages Index. 
Postage 3d. eee eee eee pee eee eee 2s. od. 
Magnetos for Automobilists. How made and how used. By S. R,. Bottone. 
ostage 8d.... eee ‘ei we sd a aes 2s. @d. 
Magneto and Electric Ignition. By W. Hibbert, A.M.I.E.E. Describes 
the various Ignition Appliances used, with a chapter on Gearing. 90 Illus- 
trations. Postage 2d. Soe eae bey ses eke 2s. Od. 
ignition Devices. For Gas and Petrol Motors. By S. R. Bottone. A ebarter 
treats specially of Structural Details, Choice and Management of Automob.les, 
Uilustrated. Postage 8d. eee is. 6 


The Autocar Handbook. A Guide “to the Motor ‘Car. How to Selest, 


Maintain and Drive an Automobile. Illustrated. Postage 8d. is. 6d. 
Systems of Electric Ignition for Motor Cars. By Douglas Leechman. 
11] Ilustrations. Describes many different types. Postage 8d. is. 6d. 


The Meteor Cycle Route Book for the British Isles, with Maps. Postage 


e eee eee eae eee ry y) eee aee eee is. , 
Metor Boats Simply Explained. By John Douglas. Well illustrated. Post- 
age 8d. eee _ aes sae ee ae se3 is. od. 
Sycle Building and Repairing: Prepared under the direction of P. N. Haslusk. 
A Practical Manual, with 142 Illustrations. Cloth. Postage 2d. ia. Od. 
Petrel Motors eimpty Explained. By T. H. Hawley. Describes the pria- 
siples on which Petrol Motors work, with hints on driving. Illustrated. 
Postage Sd. eee eee eee eve eee eee is. od. 
Practical Motor Car Repairing. A Handbook for motor car owners and 
drivers. Illustrated Postage Fa. ah Si oes ae 18. od 
The Art of Driving a Motor Car. By Lord Montague. Postage 2d. 18. Od. 
Meter Car Mechanics for Beginners. By W. Hayter. Postage2d. Is. Od. 
The Care of the Car and How to Drive It. By Lord Montagu and R. 6. 
Mlecredy. Postage 2d. i ae Sis a is. Od. 
Motor Cycles and How to Manage Them. Fifteenth edition. Post, 3d. 1s. Od. 
Wists and Tips for Motor Cyclists, From ‘The Motor Cycle.” 2€2 well 
indexed Hints and Tips. Postage 2d. se sei a is. Od. 
Hew to Build a Bicycle. By H.R. S.Williams. Illustrated. Postage 1d. 6d. 
Hew to Drive a Motor Cycle. By Phoenix. 88 pages. Well illustrated. 
The book for all taking up Motor Cycling. Postage Id. ahs 6d. 
Tracing Troubles. By ‘‘ Road Rider.’’ Deals with Motor Cycle Faults, their 
ab ease and ee remedies simply and fully explained. eonaee 

eee ees eee een eee eee eee eon gs. e 


Pomps and Hydraulic Engineering. 





Practical Handbook on Pump Censtruction. By P. R. Bjorling. Sesend 
Bdition. 9 Plates. Crown 8vo. Postage 4d. eee ove Ss. 
Gentrifagal Pumps, Turbines, and Water Moters. By Chas. H. Innes, 

M.A. Including the Theory and Practice of Hydraulics (specially adapted 
fer Engineers). Third Edition. Crown 8vo. Postage 4d. _... As. 6 
Metes em the Construction and Working of Pumps. By Edward 6. 
Marks, A.M.1.0.E.,M.1.M.E. Orown 8vo. Postage 8d. sie 4s. 6d. 
Pamps and Pumping. By M. Powis Bale, M.I.M.B. A bandbook fer 
sers. Being Notes on Selection, Construction, and Management. Fe 
Edition. Orown 8vo. Cloth. Postage 8d. .. sis ose Bs. 6d. 
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Reference and Pocket Books. 


Bngineer’s Sketch Beek ef Mechanical Mevements. By T. W. Barber, 
Fourth Edition, with 2,608 Illustrations. 848 pages. 8vo. Postage4d. 10s. 6d, 
A Pecket Beok for Mechanical Engineers. By David Allan Low, M.1.41.M. 
With over 1,000 specially prepared Illustrations. Fop. 8vo. Gilt edges, 
rounded corners. Fostage 8d. ... an er ste Ve. 6d, 
Lockwood’s Dictionary of Mechanical Engineering Terms. By 46. G. 
Horner, A.M.1.M.B. comprising upwards of 6, definitions. Third 
Rdition, revised, with additions. mbracing those current in the Drawing 
Office, Pattern Shop, Foundry, Fitting, Turning, Smiths’ and Boiler Sheps, 
eto., eta. Crown 8vo. Cloth. Postage 4d. see ous Vs. 6d. 
Wannan’s fhiarine Engineor's Pecket Book. By A. OC. Wannan, @.B. 
Containing latest Board of Trade Rules and Data for Marine Bagineers. 
Third Edition, revised, enlarged, and up-to-date. Square 18mo., with Thum 
Index. Leather. Postage 8d. oa ‘es sea ees Ss. od. 
The Mechanical Engineer’s Pocket Book. By D. Kinnear Clark, M.Inst.G.H. 
F Edition, thoroughly revised and enlarged, by H. H. P. Pewles, 
A.M.1.0.E., M.I.M.E. Comprising Tables, Formulz, Rules, and Data. A 
handy book of reterence for daily use in Engineering Practice. 700 pages. 
Bound in flexible leather cover, rounded corners: Small 8vo. oe 
e ece eee see eee eee eee Ss. 
The Bngineers’ Pocket Dictionary, French—English. By M. Lvell. 
Pocket size. Words used in Mechanical and Electrical Engineering. Meter 









Oar and Cyole Building. Postage Id. bee aes aie is. 6d. 
Roofing by the Iron Square. By Frank Nicholls. Postage, ld. 13. Od. 
Miscellaneous: 


Radiam and ether Radle-Active Elements. By L. A. Levy and H. @. 
Willis. A popular account of Radium treated experimentally. Growa Sve. 
INustrated with drawings and 2@ full-page plates. Postage 8d. 2s. 6d, 

Practical Kites and Aeroplanes. Howto make and workthem. By Frederick 
Walker, OC.E. A Practical Work on the Construction and Use of Kites and 
Aeroplanes. Illustrated. Postage 2d. see eh sus is, 6d, 

ra: Machines and Recerds. A Handbook for all who use them. By 
8. RK. Bottone. Hilustrated with examples of different types of instrumeste 
with full instructions for eno a simple phonograph. Postage 2d. a. 6d. 

The Gyroscope. By V. E. Johnson. Contains part of articles from Whe 
Model Engineer. Postage 14d. ies sae ast at is. 6d. 

Mining and Mining Machinery. By Sydney T. Walker. Explains the 
methods of obtaining minerals, precious stones, etc., in all parts of the world. 
Well illustrated. Postage 3d. a8 sis aes Be is. Od. 

The Aeroplane Portfolio. Contains nine sheets of scale drawings of Aero- 
planes with book describing the machines and giving details of best Sights 
made. Postage 2d. ... oi ont de i as is. Od. 

Practical Bookbinding. By W. B. Pearce. Intended for those who wish ta 
do their own Bookbinding. Illustrated. Postage 8d. de is. Od. 

Fiying Machines, past, present and future. By A. W. Marshall. 28 
plates and other illustrations. Paper, Postage 2d. ... ae 1s. Od. 

Beginner’s Guide tothe Microscope. By Chas. E. Heath, F.R.M S. A prac- 
tical and well illustrated Guide to the use of the Microscope. Post.8d. {s. Od. 

Fiying: The Why and Wherefore. Illustrated. Postage lad. ... is. Od. 

Medel Fiying Machines. Their Design and Construction. By W. G. Aston, 
Well illustrated and practical. Postage 8d. ... “i ste is. @d. 

What a Business Man ought te Know. Being the Daily Business hife in a 
Merchant’s Office. Postage 2d. eT ‘es ee oes is. Od. 

Letters that bring Business. By the Author of What a Business Man eught 
to Know. Postage 2d. oes eee ar cee vee is. Od. 

Systematic Memery. Or How to Make a Bad Memory Goed and a Good 
Memory Better. By Thos. Maclaren. Postage2?d. sas is. Od. 

Gramophones and Phonographs: Their Construction, Management and 
Repair. By B. Clements-Henry. Fully illustrated. Postage 3d. is. Od. 
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Now te do More Business. Postage 2d. me ase ae is. Od. 
Optical Instruments Simply Explained. Describes the principles and work- 

ing of some of the Optical Instruments in general use. Postage ld. 6d. 
Simple Phetographic Experiments. Postageld. 4. ass 6d. 


Stmple Chemical Experiments. Postage ld. be 6d. 
#atents Simply Explained. A simple guide to the patenting of Inventions and 
registration of Trade Marks and Designs. Illustrated. Postage ld. 6d. 
Windmills and Wind Motors, How to Build and Run Them. By F. 8B. 
Powell. Well illustrated. Postage ld... ... ade -_ 6d. 
imple Scientific Experiments. By Aurel De Ratti. Describes Forty-six 
astructive Experiments in Electricity, Magnetism, Hydraulics, Hydrostaties. 
Right, and Acoustios. Fully Mlustrated. Postage 1d. 6d. 


Dyes, Stains, Inks, Varnishes, etc. By Thomas Bolas. Postageld. 6d. 


Painting and Graining. By S.W. Newcomb. Postage 1d. a w. 6d. 
Meteorological Instruments and Weather Forecasts. By H. T. Davidge. 
Postage 1d. eee eee eee eee eee eee eee 6d. 


Steam Engineering. 


Yhe Steam Turbine. By Robert M. Neilson, Wh. Ex.,A.M.I1.M.8. Wits 
146 IiMlustrations. 8vo. Postage 6d. .., eee see sae 18s. Od 
& Text Book on Steam and Steam Engines. By Prof. Jamieson, F~: 
the Use of Students Preparing for Competitive Examinations. With over 800 
pages and many Illustrations, 6 folding Plates, and numerous Examinatior - 
Papers. Seventeenth Edition. Revised. Postage 6d. Ses 1Os. 6d. 
Steam Engine Theory and Practice. By W. Rigper. With 488 Illustra. 
tions. o. Postage4d,... Sa ies ‘ue re 9s. Od. 
The Marine Steam Turbine. A practical description of the Parson’s Marine 
Turbine. 60 illustrations. Postage 4d. és eae o- 28. 6d. 
Steam Beilers. By R. D. Munro. Showing their Defeots, Management. 
and Construction. Fourth Edition. Fully Illustrated. Postage 3d. 4s. 6d. 
Steam Ee eeerrne. By W. W. F. Pullen, Wh. Sa.,M.1.M.E., A.M.1.6.B. 
A Treatise on Boilers, Steam, Gas and Oil Engines, and Supplementary 
Machinery, with Instructions for Carrying out numerous experiments. 
B50 pages. 800 Illustrations. Postage 5d. ... oe eee 4s. Gd. 
Giementary Manual of Steam and the Steam Engine. By Prof. 
damieson. For First year Students. Ninth Edition. Revised. With Hlus. 
trations and Examination Papers. Postage 4d. ae ro 3s 64d. 
injecters: Theory, Construction, and Working. By W. F. Pullen, 
Wh. Sc., A.M.1I.C.B. Second Edition. Revised and Enlarged. Orown 8ve. 
Postage 8d. ... se ape eae or bie eee 3s. 6d. 
& Handbook fer Steam Users. By M, Powis Bale, M.1.M,H., A,M,I,C.B. 
Giving Rules for Engine Drivers and Boiler Attendants, with Notes on Steam 
Mngine and Boiler Management, and Steam Boiler Explosions. Fop. 8vo. 
Postage 8d, eee eee ee coe bee eee 3s. 6d. 
Heat Engines. By W. Ripper. Postage 8d. ... Sie see 3s. Od. 
Medern Engines. By Thomas W. Corbin. Describes different kinds of engines. 
Illustrated. Postage &d. eas see sat is. Od. 


The Werking ef Steam Boilers. By Edward G. Hiller. Postage 2d. ts. od. 
Ditto ditto 


ditto Cloth. Postage 8d. Is. 6d. 
The Care and Management of Stationary Engines. By ©. Hurst. A 
Practical Handbook for Men-in-Charge. Crown 8vo. Oloth. Postage 8d. {[s. od. 
Medel Steam Engines; How to Understand Them and How to Rua Them. 
By Henry Greenly. Fully Illustrated. Postage Id. ods 6d. 
Giedel Boller Making. By E. L. Pearce. A Practical Handbook on the De. 
signing, Making and Testing of Small Steam Boilers. Fully Illustrated with 
Original Working Drawings. Postage léd.__... ots es 6d. 
fhe Slide Valve Simply Explained. By W. J. Tennant, A.M.I.Mech.B. 
Gives a clear and simple explanation of the Working of the Steam Hagine 
Slide Valve. With 86 IIlustrations. Postage ld. eee eee 6d. 
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Workshop Tools and Processes. 


Pattern Making. By Joseph Horner, A.M.1.M.8. Third Bdition. Bnlarged. 
With 486 Illustrations. A Practioal Treatise embracing the Main pes ei 
Mngineering Construction, including Gearing, Sheave, and Pulleys, Screwa, 
Biachine Parts, Pumps, Estimating the Weight of Castings, eta., eta., st& 
Grown 8vo. Postage 4d. een ove ece ee" eo 78. ed. 

Plating and Beller Making, By Joseph G. Horner, A.M.1.M.H. A Prastioal 
Handbook for Workshop Operations. 880 pages, with 888 Illustrations. 
Grown Svo. Cloth. Postage 4d. eco eee eee eee Ss. od, 

‘Practical Sheet and Plate Metal Work. By Evan A. Atkins. A most use- 
ful book for all working up metal. 4501 lustrations, over 500 pages. Crown 
8vo. Postage 4d. seg aby see oe bee ae 6s. 

Spens’ Mechanics’ Own Book. A Maaual for Handicraftsmen and Amateure. 
Sixth Edition. 1,488 Illustrations, 720 pages. Demy 8ve. PostageSd. 68. 64d. 

Engineers’ and General Smiths’ Work. By Thomas Moore. 248 pages, 48) 
Ilustrations. Postage 4d. ... eae sts ac bai Ss. Od. 

‘Spens’ Workshep Receipts. For the Use of Manufacturers, Mechanics, ans 
Scientific Amateurs. 4 Vols. Crown 8vo. Postage 4d. Per volume 3s. Gd. 

The Principles ef Fitting. By J. G. Horner, A.M.1.M.H. For Bngineer 
Students. I!lustrated with 850 Illustrations, and containing an Appendix 
ef Useful Shop Notes and Memoranda. Fourth Rdition. Postage 4d. 8s. OW. 

‘Werkshop Appliances. By C. P. B. Shelley, M.I.C.B. Giving Descriptions 
of some of the Gauging and Measuring Instruments, Hand cutting Tools, 
Lathes, Drilling, Planing, etc. With an additional chapter on ae 
by R. R. Lister. With 828 Illustrations. Fop. 8vo. Postage 4d. Ss. 0 

Watch Repairing Cleaning and Adjusting. By F. 3. Garrard. A Practien) 
Bandbook de ing with the materiais and Tools used, and the Methods of Re- 
pairing, Cleaning, Altering and Adjusting of English and Foreign Watches, ets. 


With over 206 Illustrations. Crown 8vo, Cloth. Postage 4d. ... 4s. 6d. 
‘Practical relegate By J. G. Horner, A.M.1.M.H. Illustrated with oves 
. 108 Baogravings. Third Edition. Postage 8d. : 3a. 6d. 


Werkshop Makeshifts. By H. J. S. Cassall. eng s Collection of Practical 
Hints and Suggestions for the use of Amateur Workers in Wood and Metal. 
Fully Illustrated. Oloth gilt. Postage Sd. _... see eve 2s. 6d. 

‘Practical Lessens in Metal Turning. By Percival Marshall, A.I.Meeh.H. 
A Handbook for Young Engineers and Amateur Mechanics. With 209 
Griginal Illustrations. Fourth Edition. 182 pages. Postage 8d. 2s. %d. 

‘The New Turner's and Fitter’s Handbook. By T. Greenwood. A com. 
plete Guide to Screw-autting with many Tables. Postage 2d.... 2s. Gd, 

pacties’ Plumbers’ Work. By Paul N. Hasluck. 289 illustrations. Poat- 
8 


ag e eee cece ry y | eee eos ees ece 2s. e 
‘Simple Decerative Lathe Work. By James Lukin, B.A. A Practical Hand. 
beok of the Construction and Use of the ordinary Turning Lathe for the 
purpose of the Art. Fully Illustrated. Postage 2d. ... eee 2s. Od 
-Serew Threads, and Methods ef Preducing Them. By Paul N. Haslush. 
With numerous Tables and complete Directions for using Screw Gutting 


Bathes. Fifth Edition. Waistcoat pocket size. Postage Id. ... is. 6d. 
yen Mathematics. Parts I. and II. By F. Castle. M.1.M.N. 
Sve. Postage 2d. ee ee §«=—s AG fa. 64. 


‘Taraing for Beginners. By J. Lukin. Being Elementary Instruction in the 
Art of Turning in Wood and Metal. Postage 8d. a Pe Is. 6d. 
‘The Possibilities of Small Lathes. By James Lukin, B.A. Inoluding par- 
ticulars and details for making an inexpensive overhead, and other useful 
accessories for, and notes on, the choice of a hathe. Fully Illustrated. 
Gloth. Postage 8d. eee eee ete eee eet eee ja. & 
Werkshop Wrinkles and Recipes, Edited by Percival Marshall. A Collee- 
tion of Useful Hints in Mechanics and Electricity. Postage 8d. is. Od 
‘Pattern Maker’s Handybook. By Paul N. Hasluck. A Practical Manual on 
the Construction of Patterns for Founders. With upwards of 108 Iilustra- 
tions. 144 pages. Orown 8vo. Oloth. Postage 8d. ... ase (s. Od. 
‘Engraving Metals. Prepared under the direction of Paul N. Hasluck. 
Practical Manual. 177 Engravings and Diagrams. Cloth. Post 2d. Is. Od. 
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Miechanic’s Workshep Handybeek. ty Paul N. Hasiuck. A Practical 
Manual on Mechanical Manipulation. With Useful Notes and Miscellaneous 
Memoranda. Comprising 200 subjects. 144 pages. Crown 8vo. Oloth. 
Postage 8d. eee eee ses ece eee eos eee is. od. 

Machine Shop Cempanion. By Wallace Bentley, M.1.M.B. It ingludes as 
illustrated chapter on ‘Sorew Cutting,’”’ with list of Ohange Wheels. 
Rules, and Tables for everyday Workshop Use. Witb over 58 Illustrations. 
Postage Id. eee aoe see eee nee eee ees is. od. 

Metal Working Teels and their Uses. By Percival Marshall, A.1.N.. 
A Practical Handbook for Young Engineers and Amateur Mechaniss: 
Showing how to use Simple Tools required in Metal Working and Medel 
Making. Fully Illustrated. Second Edition. Postage ld. _... ed. 

The Boginners' Guide to the Lathe. By Percival Marshall, A.I.Mesk.@. 
An LS aii Instruction Book on Turning in Wood and Metal. eae 
age e eee ece ry y) eee eee eve eee 

A Gatde to Standard Screw Threads and Twist Drills (Small Sizes). +a 
George Gentry. Postage lad. eee eee eee @oe é , 

Hew to Read a Workshop Drawing. By W. Longland. Postage ld. 6d. 

Soldering, Brazing, and the Joining of Metals. By Thomas Bolas. Illus- 
trated. Postage id. eee : 6d. 

Pattern meng: By Joseph E. Dangerfleld. Describes how to make various 
Patterns, and tools required. Core Boxes. Lathe Bed. Standard forsame. 
Headstock. Hand Tool Restholder. Driving Wheel for Lathe, &c. Well 
illustrated. (See ‘‘ Brass and Iron Founding,” illustrated). Post 1d. ed. 

Brass and Iron Founding. By Joseph E. Dangerfield. A companion book tc: 
pattern Making (see above). The Method of Moulding. The various articles 
mentioned in Pattern Making are described, some of the castings being those 
to be used in making the Lathe described in ‘‘ Building a Lathe.’’ Illustrated. 
Postage 1d. eet eee eee ees eee eee eee 

Building a Lathe. By A. W. Burford, A.M.1.C.E, Describes the building of 
a Lathe for plain turning of wood or metals. See the companion books 
‘* Pattern Making’’ and “ Brass and Iron Founding.”’ Illustrated. Post Id. 6d. 





eee eee eee ee se. 


ELECTRICAL ENGINEERING. 
Dynamos and Motors. 


Design of ates (Continuous Current Generators). By Silvanus P. Themp- 
son, 92 Illustrations and 8 folding plates. Postage 6d. ove 12a. Od. 
Practical 3 estine or ee and Metors. By Chas. F. Smith Wh.8e,, 
C.H., A.M.I.B.B. d 


e eae Postage 4d. ece eee eee Gs. 0 e 
Centinueus Current Dynamos and Moters and their Cestrel. By W.R. 
Kelsey, B.So., A.I.B. og F.Ph.S. Postage 4d. coe ° 7 ed. 


a 8. 
The Management ef Dynames. By G. W. Lummls-Paterson. A Handybeek 
of Theory and Practice for the Use of Mechanios, Engineers, Students, and 
others in charge of Dynamos. Third Edition, revised. Crown 8vo Cloth.. 
Postage Sd. ee eee eee eee eee eee eee 4s. 6d. 
The A.B.C. of Dynamo Design. By Alfred H. Avery, A.I.B.E. Enlarged 
and Revised. Fouvth Edition. Postage 3d. ... see aa5 2s. Od. 
The Application ef Electric Motors te Machine Driving. By Andrew 
Stewart, A.I.B.E. Postage 3d. = ae ses eee 2s. Od. 
Bynamo and Motor Attendants, and their Machines. By F. Broadbent, 
M.I.E.E. A Practical Book for Practical Men. Seventh Edition. Post- 
age Sd. eee eee eee eee eee eee eee is. 6d. 
Practical Dyname and Motor Construction. By A. W. Marshall, 
A.M.1.2.B. A Handbook of Constructive Details and Workshop Nietheds 
used in building small machines. Postage 8d. es — is. Od. 
tilew te Mamage a mamo. By S. R. Bottone. A Handbook for Hngineers, 
Biectric Light Engineers, and Electro Platers. Illustrated. Third Mditien, 
revised and enlarged. Post 8vo. Cloth. Pocket size. Postage ld. Os. 9d.. 


66, FARRINGDON STREET, LONDON, E.C. 11 


——~ —— + 


Care and Management of Electrical Machinery. A handbook for the use 
of power users and attendants. Illustrated. Postage 8d. _... ie. Od. 


Small Dynames amd Motors: How te Make, Test, and mopar Them. 
By F. B. Powell. Contains Instructions and Drawings for Making Small 
Dynamos and Motors of various sizes, from 10 to 500 watts, including tables 
of suitable windings. Fully INastrated. Third Edition. Postage 1d. ed. 


Small Electric Metors: How te Make and Use Them. By F. B. Pewell, 
Fully IlMustrated with Original Diagrams and Drawings. Postage Id. ed. 


Glectrical Apparatus Simply Explained. Fully Iilustrated. Post. 1d. 6d. 
Practical Dynamo and Motor Management. Postage ld. ... 6d: 


Slectric Lighting. 


Siectrical pmginooring for Blectric Light Artisans aud Students. ea 


Slingo and Brooker, Well Illustrated. Postage 6d. tee (2s. 
Glectric Ship Lighting. By J. W. Urquhart. A Handbook on the Prastieal 
Fitting and Running of Ships’ Electrical Plant. Postage 4d. ... 7s. 6d. 
Glectric Lighting ana Power Distribution. By W. Perren Mayeogk, 
.1.E.E. An Elementary Manual for Students. Fifth Edition, revised 
Vol. I. With 281 Illustrations. Postage 4d. ... sas 6s. Od. 
Vol. II. With 400 Illustrations. Postage 4d. ... aae Ge. 6d. 


Glectric Wiring, Fittings, Switches and Lamps. By W. Perren Mayooek. 
The book for Electric Light Engineers and Contractors. 628 pages. Over 
600 Illustrations. Postage 5d. Abroad 10d. a sss 6s. Od. 

Practical Blectric Light Fitting. By F.C. Allsop. A Treatise on the deren | 
and Fitting-up of Buildings deriving current from Central Station Mains, an 
the Laying-down of Private Installations. Postage 4d. Ses 4a. 6d. 

Giectric Wiring, Diagrams and Switchboards. y Newton Harrison, R.M. 
Postage 8d.... see = ee is ahi on Ss. od. 

Chats on Electricity. By Frank Broadbent. A useful book deseribin 
various uses of Electricity in non-technical language. Fully illustrated. 
Postage 4d. ... “ai es ee sea abe ge 3s. 6d. 

fhe Application of Arc Lamps to Practical Purposes. By Justus Bok. 
Well Illustrated. Postage 8d. no one sue wu as. Gd. 

Electric Wiring Diagrams. By W. Perren Maycock. Contains most of 


Designs from larger book. Postage 84d. wee ze Sie 2s. 6d. 
Glectric Wiring. By W. C. Clinton, B.Sc. (Lond.) A Primer for the use sl 
Wiremen and Students. With 80 Illustrations. Postage 8d. 2s. Od. 


The How Does it Work of Blectricity. By Thomas W. Corbin. A well illue- 
trated elementary description of Electrical Machinery. Postage 8d. ie. od. 
Private Heuse Electric Lighting. By F. H. Taylor, A.M.1.B.B. BDeseribes 
Modern Methods in Wiring and Fitting, including a chapter on Small Genara- 
ting Plants. Postage 8d. _.... see i Ses sa is. od. 
& Galde te Blectric Lighting. By S. R. Bottone. For Householders and 





Amateurs. Pictorial covers Postage 8d. sie ay is. Od, 
Blectric Lighting for Amateurs. Contains Instructions for Atting up small 
Bleotric Installations. Fully Illustrated. Postage Id. ee 6d. 


Wew to Use the Electric Light with Bconomy. By Frederic H. Taylor. 
A simple instruction book for householders, shopkeepers and factory ewners. 
IlHustrated Postageld. ... ses ‘es be ae ed. 

Lektrik Lighting Connections. Pocket Size. 99 illus. Postage Id. 6d. 


Hlectrical Apparatus. 


The Electric Magnet. By Charles R. Underhill, Ilustrated. Postage4d. 6s. 6d. 

The Censtruction ef Large Induction Colls. By A.T. Hare. A Werkshe 
Handbook. With 85 Illustrations. 152 pages. Postage 4d. ... 6s. © 

Giectrical influence Machines: Their Development and Mederma Ferms 
with Instructions for Making Them. y J. Gray, B.S8e. Second 
Bdition. Revised, with 105 Illustrations. Postage 8d. ove Gs. Od. 
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The Imduction Cell im Practical Work, including Rentgem X-Rays. 
By Lewis Wright. With Illustrations. Crown 8vo. Postage Sd. 4s. 6d. 
Gecendary Batteries. A practical Handbook for Owners and Attendants, By 
an Engineer. Postage 4d. ... Ses ive re ‘a és. Od. 
Blectric Instrument-Making for Amateurs. By S. R. Bottone. A Prac- 
tical Handbook. With 96 Illustrations. Seventh Edition. Revised and 


Bolarged. Postage 8d. sei ve ss Sea sai 3a. 6d. 
imduction Coils. By G. E. Bonney. Fourth Edition. 104 Illustrations. 
Postage 4d. eee eee eee eee eee eee eve 35. 0 e 
Giectre Chemistry. By G.Gore: Postage 8d. zs. Od. 


Sry Batteries. ow to Make and Use Them. By a Dry Battery Expert. 
Illustrated. Postage 2d. ose oe eee ose das is. 6d. 
Bzperimenting with Induction Coils. By H. 8S. Norrie. Contains practical 
directions for using Induction Coils and Tesla Coils. Postage 2d. is. 6d. 
Practical Induction Coil Construction. By John Pike. A handbook of 
constructive details and workshop methods used in building and repairin 
modern spark coils. Illustrated. Postage 8d. ae wes ia. Od. 
imdactien Coils fer Amateurs: How to Make and Use Them. Edited by 
Peroival Marshall, A.I.Mech.B. Fully Illustrated. Postage Id. 6d. 
Simple Blectrical Working Models: How to Make and Use Them. 
dited by Percival Marshall, A.I.Mech.E. 48 Illustrations. Postage Id. 6d. 
Gmail Accamulaters: Hew Made and Used. Edited by Percival Marshall. 
A.1.M.H. With 41 Illustrations. Seventh Edition. Postage Id. ed. 
Glectric Batteries: How to Make and Use Them. Edited by Percival 
Marshall, A.I.Mech.E. Fully Illustrated. Sixth Edition. Postage Id. 6d. 
Small Electrical Measuring Instruments. Describes the Making and Usin 
Galvanometers, Voltmeters, &c. Fully Illustrated. Postage Id. 6d. 
The Wimshurst Machines and other Static Electrical Apparatus Simp!» 
Explained. By A. W. Marshall... Postage 1d. aes 6d. 
Meguets and Magnetism Simply Explained. By A. W. Marshall. 
ostage Id. eee eee eee eee eee eee vee 6d 


Elementary Text Books on 


Electricity and Magnetism. 


The Blements ef Electrical Engineering. By Tyson Sewell, AI.E.H. A 
First Year’s Course for Students. Fourth Edition. Postage 4d, Ss. Od. 
Giementary Lessens in Blectricity and Magnetism. By Sylvanus P. 
Tkempson, D.Soc., F.R.S. Illustrated. Fop. 8vo. Postage 8d. 4s. 6d. 
Glewentary Manual of Magnetism and Electricity. By Prof. Jamieson. 
Fer First Year Students. Fifth Edition. With Illustrations and Examination 
Papers. Crown 8vo. Postage 8d. _... see és sis 3s. 6d. 
First Beak ef Electricity and Magnetism. By Perren Mayoook, M.1.B.E. 
oe Edition, revised and enlarged. With 162 Illustrations. noesans 

& eee oon Soe ooo eee ece eee ooo 2s. é ¢ 
Magnetism and Blectricity for Beginners. By H. H. Hadley, B.8o. (Lond.) 
Adapted to the Elementary Stage of the S. Kensington Syllabus. Globe 8vo. 
Pestage 8d. ... aes see wes es eee Ss 2s. 6d. 
Practical Bxercises in Magnetism and Electricity. By H. BH. Hadley. 
A well-illustrated book giving a large number of exercises. Post. 8d. 2s. 6d. 
Preblems and Solutions in Elementary Biectricity and Magnetism. 
By W. Slingo and A. Brooker. With 88 Illustrations. Orown . Pos. 





tage Sd. ooe eoce eee eco bee Soe eve as. od. 
Biectrical Engineering. By S. R. Bottone. Gives constructional Details of 
Appliances described. Illustrated. Postage 8d. ee es Is. 6d. 
Tus 6tady ef Blectricity for Beginners. By Norman H. Schneider. Oom- 
prising Elements of Electricity and Magnetism. Postage 2d. ia. 6d. 
Biectrical Circuits and Diagrams. By Norman H. Schneider. Gives 217 
Diagrams of Connections. Postage 2d. 3 ; ia. 6d. 


Electrical Circuits and Diagrams. Part II. Alternating Current Gene- 
rators and Motors, Single phase and Polyphase Transformers, eto., eta. 
68 Diagrams. Postage 2d. ... ae wes ee i is. 6d, 
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Miscellaneous Electrical Subjects. 


Miedical Electricity A practical Handbook for Students and Praatitionera. 
12 plates and Illustrations. Postage 6d. sie one eos (2s. 6d: 
Blectric Traction. By J. H. Rider, M.I.B.B., M.1.0.B. With numereug 
IWustrations. A Practical Handbook on the Application of Bleotrigity as a 
Bosomotive Power. Crown 8vo. Cloth. Postage 6d. ues {Os. 6d, 
The Alternating-Current Circuit and Motor. By W. Perren Maycosk, 
M.1.8.B. An Introductory and Non-Mathematical Book for Engineers and 
Btudents. SecondEdition. Revised. With 140 Illustrations. Postage 8d. 4a. 6d, 
The Biectre-Platers Handbook. By G. BE. Bonney. A Practical Manual 
ler Amateurs and Students in Electro Metallurgy. Fourth Rdition. Revised 
and Bolarged, with an Appendix on Nickel Plating for Cycles. Postage 

Sd. ss se avs aes aes see oe met 28. 6d, 
Practical Electro-Pilating. By Geo. Gentry. Deals fully with the Bleetro- 
Deposition of Metals. Illustrated. Postage 8d. sek gee 18. Od. 
Simple Experiments in Static Blectricity. A Series of Instructive azd 
ntertaining Experiments for Students and Amateurs. Fully Hlustrated. 
Postage Id. vee eo eos ees eee aoe 6d; 

X Rays Simply vir | Phoebe A Handbook on the Theory and Practice ef Radie- 
graphy. Fully Illustrated. Postage Id. ae see ped 6d. 
Alternating Currents Simply Explained. By A.W. Marshall. Postage ld. 6d. 
Practical Dynamo and Motor Management. Illustrated. Postage Id. 6d. 


Reference and Pocket Books. 


A Pecket Boek ef Electrical Rales and Tables. By J. Nunre, @.8., and 
Prof. Jamieson. With numerous Diagrams. Sixteenth Edition, thereugkly 
revised.and enlarged. For the use of Electricians and Engineers. heathee. 
Pooket size. Postage 8d._... eee sa eee ove 8. ‘ 

Melesworth’s Pocket Book of Engineering Formula. A useful book fer 
Civil, Mechanical and Electrical Engineers. Contains many Tables of 
interest. Pocket size, 899 pages. Postage 2d. sae ove Ss. Od. 

A Guide to the Electrical Examinations. By F.H. Taylor. A Handbeek 
of Reference for Students and Teachers, with an appendix ef specimens 
Questions and Answers. Cloth. Postage 8d. = eos 1a. 6d. 

Ditto ditto Paper. Postage 2d. ..., ee és sas 18.06d, 

Whittaker’s Electrical Engineer's Pocket Book. Edited by Kenelm 
Bdgoumbe, A.M.1I.E.E. With 148 Illustrations. Leather, Postage4d. gs. Od, 

Yhe Handy Biectrical Dictionary. By W. L. Weber, M.BE. Gives: severai 
thousand definitions. 224 pages. Pocket size. Postage Id. Cloth. rs. 6d, 
Leather. Postage ld. aes eee eee sa. Od. 


Telephones, Telegraphy, and Bells. 


Telegra hy. By Sir W. H. Preece, K.C.B., F.R.S., V.P.Ino., and Sir é. Give, 
wright, K.C.M.G. With 267 Illustrations. Fop. 8vo. Postage 5d. fs. 6d. 
Yelegraphy. A Detailed Exposition of the Telegraph System of the’ British 
ost Office. By T. E. Herbert, A.M.I.E.E. 50 Illustration. 906 pages. 
Postage 5d. se vis se: se bes ae 6s. 6d. 
Yhe Practicel Telephone Handbook. By Joseph Poole, A.1.B.8., Wh.Ss. 
With 530 Illustrations. New Edition, revised and enlarged. Postage 


5d. see eee ees eee oes ece ove ees 6s. od, 
Practical Riectric Bell Fitting. By F.C. Allsop. Tenth Bdition. 186 illus. 
trations. Crown 8vo. Postage 8d. ... oes S65 uae 3s. 6d, 
Yeltephones: Their Construction and Fitting. By F. G. Allsop. Mighth 
dition. 184 Illustrations. Crown8vo. Postage 4d.... sei 3a 6d 


Fractical Telephony. By Jas. Bell, A.I.E.E., and 8S. Wilson. A Simple and 
Practical Handbook for the use of Students and Employees. Copiously Iilus- 


trated. Postage 4d. Fifth Edition. Revised ea ea 3a. 6d 
Slectric Bells, and Ail About Them. By S. R. Bottone. A Practisal Begh 
for Practical Men. With more than 100 Illustrations. Seventh Rdition, ravigou 
and enlarged. Postage 8d. ... eee eee oes ~~ «=—ti(i“‘iéi SSC. 
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Wir sless Telesrapry, and Hertzian Waves. By S.R. Bottone. Fourth 
Bdition, revised ith 87 Illustrations. Postage 8d... 2s. 6d. 

Bliementary Telegraphy. By H. W. mendey: A Manual for ae 
Well Illustrated. Postage 8d. 

Telegraphists’ Guide. By Jas. Bell, ‘A.1.B. B., and S. Wilson, A. mii n. 


eventh Rdition. 208 Cuts. Postage 8d... 2s. Od. 
Wireless Telegraphy for Amateurs. By R. P. Howgrave Graham. New 
and thoroughly revised edition. Postage 8d. 2s. Od. 
Sew te Instel Electric Bells, Annuuciators and Alarnas. " By Norman H, 
Sehneider. Gives some 59 Diagrams. Postage 2d. see Is. 6d. 


Wireless Telephones. By J. Erskine Murray. Gives a description of 
Apparatus used. Illustrated. Postage 8d. .6 
Wireless Telephone Construction. By Newton Harrison. ‘Well-illustrated 


desoription of Apparatus, and instructions howtomake. Post. 2d. is. 6d. 
Telephone Erection and Maintenance. By Herbert G. White. A Hand- 
book for the Contractor and Wireman. Postage 3d. ... ts. 6d. 


Making Wireless Outfits By Newton Harrison. Illustrated. Post. 2d. 18. 6d. 
Wires and Wireless. By T. W. Corbin. Including Wireless and eee 
Illustrated. Postage 8d. se . Od. 
vere hene Troubles and How to Find Them. By W. H. Hyde. A ‘eom- 
ete Handbook for the Telephone Inspector. Postage ld. ... ed. 

Slec: tric Bolls and Alarms. By F. E. Powell. Gives instructions for Attin 
zame to any part of any ordinary building. 651 Illustrations. Sevent 
edition. Postage 1d.... sce she cay ed. 
Telephomes and Micrephones: How te Make and Use Them. Bdited by 
ergival Marshall, A.I.Mech.B. A Practical Handbook on the Making and 
Using of Simple Forms of Telephones and Microphones. Fifth Bdition. ith 

#2 Illustrations. Postage ld.... ace see ae ed. 
wie pereataeny ereely Explained. BY H. T. Davidge. moerse 


WOODWORKING, ETC. 


Meders Practical Joinery. By G. Ellis. mae 1,000 Illustrations. Imperiai 


Gve. Postage 5d. ... oes sas (Ss. Od. 
Practical Stair Building and jHendratting. By W. H. Wood. With 33 
Plates. Crown 4to. Postage 6d. aoe (Qs. 6d, 


The Art and Craft of Cabinet Making. “By D. “Denning. A Practiea! 
Handbook to the Construction of Cabinet Furniture, the Use o Tools, Forma- 
tion of Joints, Hints on Designin ng and Setting Out Work, veneer ote. 
With 219 Illustrations. Postage 4d. ... - Od. 

Gabinet Making for Amateurs. Being Clear ‘Directions How to enmecn 
many Useful Articles, such as Brackets, Sideboards, Tables, Cupboards, ete. 
IMustrated. Cloth gilt. Postage 8d. . See ace 2s. 6d. 

The Cabinet-Maker’s Guide to the Bntire Construction ef Cabinet 
Werk. By Richard Bitmead. Illustrated with Plans, Sections and Work. 
ing Drawings, eee Veneering, oe Buhlwork, Mosaie, Inlaying, 
ste. Grown 8vo. Postage 8d ove 2s. 6 

Garpentry and Jeinery Workshop Practice. By CG. F. and A. G. Mitchell. 
A Manual for the use of Students. Cloth gilt. Postage 8d. is. 6d. 

Sircalar Werk in Carpentry and Joinery. y George Collings. A Practie 
eal Treatise on Circular Work of Single an Double Curvature. With Diagrams, 
Third Hdition. 12mo. Cloth. Postage 8d. ... Sse 2s. 6d, 

Practical Graining and alee. By Paul N. Hasluok, With numerous 
INustrations. 160 pages. Crown 8vo. Cloth. Postage 8d. ... 2s. Od. 

Practical Staircase Joinery. By Pau! N. Hasluck. With numerous Iilustra- 
tiens in the text. 160 pages. Crown 8vo. Cloth. Postage 8d 2s. Od. 

Preach Polishing and Enamelling. By R. Bitmead. A Practical Work for 
Instruction. Including Numerous Recipes for Making Polishes, ee 
Glaze-Lacquers, eta. Postage 2d. ... is. 6d. 

ve desiag all the for Amateurs. By D. Denning. Full Instructions for Pre- 
dueing oP ; e Different Varieties of Carvings. Second Rdition. In Paper. 
Postage 2 eee eee e068 eee eee eee fa. od. 


66, FARRINGDON STREET, LONDON, E.C. 15 


Chip Carving and other Surface Carving. By Eleanor Rowe. With 71 Illua- 
trations. The book has been written for the homeworker. Post. 2d. {s. Od. 


Marg :etrie Woedstaining for Amateurs. By Eliza Turok. A Practieal 
Handbook to Marquetrie Woodstaining and Hindred Arts. Profusely Illus. 
trated. In Paper. Postage 2d. oui ase ot nee ts. Od. 

Mounting and Framing Pictures. Prepared under the direction of Paul N. 
Hasluck. A Practical Manual with 240 Illustrations. Cloth. Postage 2d. Is. od. 


Wood werker’s Handybook. By Paul N. Hasluck. Hmbracing Informatics 
en the Tools, Material Appliances and. Processes Employed in Woodworking. 
With 104 Illustrations. 144 pages. 8vo. Cloth. Postage 8d.... is. © 

Wood Tarner’s Hendybeok. By Paul N. Hasluok. A Practical Manual fer 
Workers at the Lathe, with over 100 Illustrations. 144 pages. Crown Sve. 
Sioth. Postage 8d. ... eee eee eee eee eos is. od. 

The Boginner’s Guide to Carpentry. By H. Jarvis. A Practical Hand. 
book for all Beginners in Carpentry. Illustrated with Drawings and Photes 
showing how Tools saould be used. Crown 8vo. Postage 8 is. Od. 

Polishes and Stains for Woods. By David Denning. A Complete Guide te 
Polishing Woodwork, with directions for Staining, and full Information for 
making the Stains, Polishes, eto. In Paper. Postage 2d. ... ts. Od. 

fiouse Deceration: Comprising Whitewashing, Paperhangiag, Paint- 
lug, otc. By Paul N. Hasluck. A Practical Manual with 79 Illustrations. 
Glath. Postage 2d. eoe eee eee ece oon eee (8. ed. 

Domestic Jobbing. Gives details of useful repairs. Soldering, Chair Canin 
Umbrella Repairing, Lock Repairing, and Key Fitting, &c. Illustrated. 
Postage 2d. _ si Aes oes Sa As is. Od. 

Cabinet Worker’s Handybook. By Paul N. Hasluck. A Practical Manual 
sn the Tools, Materials, Appliances, and Processes Employed Cabinet 
Work. With upwards of 100 Illustrations. 144 pages. 8vo. Oloth. 
Postage 8d. .. ooo aoe ove one aed ane (a. ed, 

Staining and Polishing. With Chapters on Stencilling and Ornamental 
Lettering. Many Recipes. Postage 3d. see wea ~_ {s. Od. 

Soft Weeds and Colonial Timbers. A practical handbook on the seleation 
and uses of Soft Woods and Colonial Timbers. Fully illustrated. Postage 





1 e eee eee ooo eee eee eee eee eco ed, 
Hard weeds, English and Fereign. Describes Hard and Fancy Woods used 
by carpenters and cabinet makers. Illustrated. Postage Id. a 6d. 
Woodwork Joints: How to Make and Where te Use Them. By a 
Practical Joiner. Postage ld. ese see ise see 6d. 
Veneering, Marquetry and Inlay. A Practical Guide to these interestin 
metnods of decorating woodwork. Fully illustrated. Postage Id. & 


How te Use the Stanley Universal Plane for Moulding, Matching 
Ploughing, etc. By a Practical Woodworker. Illustrated. Post. 1d. 6d. 
Deormaking for Carpenters and Joiners. Fully Illustrated. Pos- 


tage lad. eee eee eee ee8 eee ese ee ed. 
Practical Polishing, Staining, etc. for Woodwork. Gives methods oi 


Staining. etc. Postage ld. ... aes eeu eae ese 6d. 
Window Making for Carpenters and Joiners. 121 Illustrations. A most 
useful book. Postage ld. “ee ‘ee eve Ses abe 6d. 
Simple Lessons in Wood Turning. 97 Itlustrations, Diagrams and 
Working Drawings. Postage ld. oe eee wee one ed. 
Practical Upholstery. Fully Illustrated. Postage Id.... ee ed. 
Violin Making and Adjusting. The Construction and Adjustment of Violins 
and "Cellos fully described. Illustrated. Postage ld. _... cee 6d. 
Jewellery Enamelling. Dealing with various processes in vogue. Well 
illustrated. Postage Id. see jn see au Ses : 
Slementary Staircasing. The principles and methods of construetion clear! 
desocriSed. 119 illustrations. Postage ld. ... cee sue ed. 
Design for Wood Carvers. Giving particulars ot principles of Desigas. Post- 


age e ese eee eee ece eee eee Seg ed. 
Marquetry Made Easy. A well Illustrated book. Useful to all interested 
in Marquetry. Postage 14d.... eos eee oes ees 6d. 


16 PERCIVAL MARSHALL & Co.’s Book LIST. 


PERIODICALS. 


‘The Model Engineer.’’ Contains Practical Articles, 
Se inal Working Drawings and High-class [lustrations on 
odel Engine Making, Lathe Work, Pattern Making, Sheet 

Metal Working, Brass and Iron F ounding, Small Dynamos, 
etc. Every Thursday, 2d. net. Annual Subscription, post 
free Se dina i sls 13s. Od. 


Vols. I, II, III, are entirely out of print. 

Vol. IV, Jan. to June, 1901 Vol. V, July to Dec., 1901; Vol. VI, Jan. to 
June, 1902; Vol. VII, July to Dec., 1902. Postage 4d. Foreign and 
Colonial 6d. each oe a ae ie 3s. 6d 

Each Vol. contains 12 parts. 


Vol. VIII, Jan. to June, 1903; Vol. IX, July to Dec., 1908; Vol X. Jan. to 
June, 1904; Vol. XI, July to Dec., 1904; Vol. XII, Jan. to June, 1903; 
Vol. XIII, July to Dec., 1905; Vol. XIV, Jan. to June, 1906 Vol. XV, 
July to Dec., 1906 ; Vol. XVI, Jan. to June, 1907; Vol. XVII, July to 
Dec., 1907; Vol. XVIII, Jan. to June, 1908; Vol. XIX, July and Dec., 
19808; Vol. XX, Jan. to June, 1909; Vol. XXI, July to Dec., 1909; Vol. 
XX, Jan. to June, 1910; Vol. XXIII, July to Dec., 1910 ; Vol. XXIV, 
Jan. to June, 1911; Vol. XXV, July to Dec., 1911; Vol. XXVI, Jan, to 
June, 1912; Vol. XXVII, July to Dec., 1912; Vol. AXVIII., Jan. to 


June, 1913. Postage 6d. Foreign and Colonial 1s. each Gs. 6d. 
Rach Vol. contains 26 parts. 
Binding Cases for Vol. Postage 8d. ‘vs gsi is. Od. 
Reading Cases, with SNe: for the aap reey Binding or Twelve Parts. 
Postage 8d. ... is. @d. 


‘* The Engineer-in-Charge and Works Manager.”’ 
A Practical Journal of Engineering, Plant Management, and 
Maintenance. 


Vol. I, April, 1906 to March, 1907; Vol. II, April, 1907 to March, 1908; Vol. 
III, April, 1908 to March, 1909; Vol. IV, April, 1909 to March, 1910; 
Vol. V, April, 1910 to March, 1911; Vol. VI, sles 1911 to March, 1912, 
Postage 5d. Foreign and Colonial 1s... 4s. 6d. 


Binding Case for Vol. Postage 3d. sigs _ ay is. 6d. 
Reading Cases, with Strings, to hold Twelve Parts, Postaee Sd. is. 6d. 


The Power User, Engineer-in-Charge, and Works 
Manager. A Practical Journal of Engineering Plant 
Installation Management and Maintenance. Published on 
the Ist of the month. Price 4d., post free, 6d. Annual 
Subscription ie bis us ave 6s. Od. 
Vol. VII., April, 1912to March, 1913. Postage6d. Abroad 1/6 net 6s. Od 


* Junior Mechanics and Electricity.”” A new Journal 
for beginners of all ages, deals with Tools and Tool Making, 
Lathes, &c., Aeroplanes, Model Boats, Electric Motors, 
Dynamos, etc. Will interest all mechanically inclined. 
Monthly, ad. net. Annual Subscription, post free 3s. Od. 
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CRYSTAL DETECTOR. 
(Registered Design.) 





The best Crystal Detector on 
the market, and quite. orig- 
inal. in design. 

It has 4 cups, each fitted with 
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FOR RADIO. i 


Wireless Telephone 
Headgear. 


DIRECTORY OF AMATEUR 
WIRELESS STATIONS 
in the U.K. 
MESSRS. A. W. GAMAGE, LTD. 
edit a Direct of the above. it is 


of great interest to every amateur to know 
who is within range of his apparatus. 


MESSRS. A. W. GAMAGE will be pleased 
to receive particulars of any Amateur 
Station (call letters, wave lengths, etc.) and 
in return will send a free copy of Directory 
Send name and address of owner of 
station, to: Wireless Dept., A. W. Gamage, 

Ltd., Holborn, London, €.0. 


| 










Commercial pattern. 
As supplied to the 
leading Commercial 
Stations. Ball and 
Socket Joints, mini- 

mum weight, ‘wound 
Single Recelver, with head band and cushion. 






Complete Catalogue containing full 
particulars and prices of Wireless 
Apparatus post free on request. 









with copper wire. 


a different crystal. The top Total resistance 1 ae ohms 16/6 
cup when removed discloses 2,00 18/6 
a gold point which is used in Double Receiver, ‘with adjustable head band. 

conjunction with _ silicon. Total resistance, 2,000 ohms : 29/- 
Base and knobs of best vul- ‘i i 4,000 ,, 85/- 
canite, metal parts burnished : i 8,000 _,, te 50/- 
and lacquered. Micrometer ROTARY SPARK GAP, t K.W.—1 K.W. 
adjustment. Exceedingly | 


sensitive. Price 18/6 Post 3d. 
LOOSE COUPLED TUNING INDUCTANCE 


Cn 





A ipeee coupled Recaving Inductance or 
Transformer is most sensitive, and will invari- 
ably be found in all well-equipped stations. 
Gives 10 per cent better results than ordinary 
tuners. The Secondary is tapped off in three 
sections, which allows the best balancing of the 


This instrument produces a pure musical note 
and is a great advantage where power is 
limited. The Bearing is extra long and is 
fitted with a lubricator. Suitable for direct, 
belt or gear drive. Base and all insulated 
primary and secondary circuits. parts of best Ebonite. Price 75/-, 

Wireless Station 


GAMAGE under G.P.0. Licence. Holborn, London. 


Manufacturers and Specialists in Signalling Instruments, 
_ SSeS areeeesseeesseeenees| 


Price 46/-. 


THE “MODEL ENGINEER” 


No. 


No. 
No. 


No. 


No. 
No. 
No. 


No. 
No. 
No. 
No. 
No. 


No. 
No. 
No. 
No. 
No. 


Other 


SERIES OF HANDBOOKS. 


Price 6d. net each; post free, 7d. each. 


SRY OXMAD = 


- 10. 


RE. 


s W2: 


13. 


4. 


15. 


- x16~. 
« 17. 


18. 
19. 


. 20. 
> 21. 


22. 
23. 


24. 


25. 
206. 


27. 


28. 
29. 
30. 
ai: 
32. 


33> 
34- 
35- 
30. 


37° 


Small Accumulators: How Made and Used. 40 IIlus. 
The Slide Valve: Simply Explained. 36 Illustrations. 
Electric Bells and Alarms. 52 Illustrations. 
Telephones and Microphones. Fully Illustrated. 
Electric Batteries: How to Makeand Use Them. 34 Illus. 
‘Model Boiler Making. Fully Illustrated. , 
Metal Working Tools and Their Uses. Fully Illustrated. 
Simple Electrical Working Models. Illustrated. 
Simple Mechanical Working Models. _ Illustrated. 


‘Small Dynamos and Motors. _ Illustrated. 


Induction Cuils for Amateurs: How to Make and Use 
Them. Fully Illustrated. 

Model Steamer Building: Hulls and Deck Fittings. 
Fully Hlustrated. 

Machinery for Model Steamers. Fully Illustrated. 

Small Electric Motors. Illustrated. 

Simple Scientific Experiments. 509 Illustrations. 

Meteorological Instruments and Weather Forecasts. 
Fully Illustrated. 

The_ Locomotive: Simply Explained. Illustrated. 

Simple Experiments in Static Electricity. Fully Illus. 

X-Rays: Simply Explained. Fully Illustrated with Draw- 
ings and Photographs. 

Patents: Simply Explained. Illustrated. 

Mechanical Drawing: Simply Explained. Illustrated. 
Electric Lighting for Amateurs. Fully Illustrated. 

Model Steam Turbines: How to Design and Build 
Them. Fully Illustrated. 

Small Electrical Measuring Instruments: How to 
Make and Use Them. Fully Illustrated. 


The Beginner’s Guide to the Lathe. 75 Illustrations. 
Gas and Oil Engines Simply Explained. Illus. 
A Guide to Standard Screw Threads and Twist 
Drills. Small Sizes. 
Model Steam Engines. I Ilustrated. 
Simple Photographic Experiments. I |lustrated. 
Simple Chemical Experiments. I lustrated. 
Electrical Apparatus: Simply Explained. Illustrated. 
The Wimshurst Machine: How to Make and Use It. 
THustrated. 
Alternating Currents Simply Explained. Illustrated. 
Magnets and Magnetism: Simply Explained. Fully Illus. 
Optical Instruments: Simply Explained. Illustrated. 
Windmills and Wind Motors. Fully Ilustrated. 
Wireless Telegraphy: Simply Explained. 


Useful Books for this Series are in course of Preparation. 


MAY BE ORDERED THROUGH ANY BOOKSELLER. 
PERCIVAL MARSHALL & Co., ~ 
66, Farringdon Street, London, E.C. 





UNIVERSAL 


WIRELESS APPARATUS 
SEND AT ONCE POR SPECIAL WIRED ESS Gt tbr 


"he largest, best, and most comprehensive list of Wireless Apparatins over posted 
Post free on application, 


UNIVERSAL ELECTRIC SUPPLY CO., 


Contractors to H.M. Government, 
BROOK . STREET, C-.on-M., MANCHESTER. 
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ROTARY jf CONDENSER: 
. Mitted with chonite 
2. regulating handle. | Pro- 
Vides for closest Cuan. 
Will considerably inereiisc 
efficiency of vour iistalle- 
tion. Price 39 - 





THE " FAMOUS BRITISH MADE COILS. Supplicd in all 
VOLEX GIANT DRY © sizcs, Cull particulars and prices, sec 


BATTERY. The 9 our Catalogue. Post free on application. 
most powerful and 
lasting of all primary 
dry batteries. Pre- 
eminent for Wireless 
Work. 

+, volts 4/6 cach 
5h, +. 6/6 ,, 
Postage, 6d. 





SPARK GAPS. Large range. See our 
ee for full details and prices. 


ao ee ey 


COMPLETE DEMONSTRATION RECEIVERS. High««: 
WIRELESS OUTFITS. (2 Stations.) possible Efficiency, 


Single 
ss . on ooo Ohms 
For Students. Most Instructive. Prices from 16/= 2000 a 


4000 19/g 
Double -- 

















For Full 1000 Ohins 27/6 
Particulars 2000 30,- 
See Catalogue. qOOO ,, 38/6 












Post: Lee, Od. 
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